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have deſtroyed all my chemical Manuſcripts. — A proſpect 
of. returning health might have perſuaded me to purſue this 
delightful ſcience; but I have now certainly done with it 
for ever; at leaſt I have taken the moſt effectual ſtep I 
could to wean myſelf from an attachment to it, for with the 


Agrieulture ;- in the. Principles. of Cammerce; and in the 
Knowledge of aur Manufeftures.- © 5 a6 31 220 bem | 
This kind of ſtudy would agreeably ſolicit, and might 
probably Tecure, the Attention of that part of our 
which, in being exempted from the diſcipline. of 
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ant be defiroes- of obtiining information on the Sub- 
jet fot the Kingdom] being divided into Counties and 
the'Counties into Pariſhes, c. an actual Enumeration 
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of the Inhabitants might be made every ten years, by the 
Miniſters and Church-wardeng of the feveral Pariſhes, with 
as much certainty as the nature of the ſubject, conſidered in 
a political light, would require. But whatever may be the 
preſent number of the Inhabitants of Great Britain, there 
is no one who has thought upon the ſubject, but maſt ad- 
mit, thay were our Lands brought to their proper ſtate of 
Cultixation, they would afford maintenance to twice as ma- 
ny as at preſent exiſt in the Country. In thus fixing the 
Baſis of National Strength, in the improved Caltiyation of 
our Lands, I am far from inſinuating, that Manufactures and 
Agriculture cannot ſubſilt in an eminent degree of perfection 
together: on the contrary, I conſider them as mutually 
ſubſervient to each other, and am quite aware, that in the 
preſent ſtate of the Finance of this Kingdom, our Com- 
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dry; but far more Gentlemen would, probably, have been 
induced to turn. their thoughts that way, and. all of them 
with better proſpects of fucceeding in their enquiries, had 
they, in their youth, been carefully inſtructed in the Princi- 
ples of Vegetation, in the Chemical Rua'ities of Sails, and in 
the Natures and Uſes of different Manures.—But I mean 
only to give a hint concerning an Inſtitution, which I have 
no manner of expectation of ſecing eſtabliſhed, though I am 
fully perſuaded it would be both a public benefit, and highly 
— Glaſs of Frelhns. 2 Education I have 
. ͤ ware rorbor Mere 
during the ſhort time which they ſpend at the Univerſities : 
they ſee Conſequence and Reſpect, it is true, annexed in 
thoſe Seminaries to Learning and Talents, but in the world 
they ſee linthe reſpected but Wealth 3 and poſſeſſing that, or 
expecting to poſſeſa it from their Anceſtors, they are eaſily 
allured by the Indolence. which is natural to the Human 
Species, and by the Improvidence which is incident to their 
time of. life, to ſurink from the taſk of acquiring accomplich- 
ments really honourable, really uſeful, and really their own. 
When they are called to the Legiſlation of their Country, or 
when they become maſters of families or are in any way ſet- 
tled, as it is called, in the world,:then they begin to be fen- 
ſible ot the deficiencies of: their perſonal Acquirements; they 
ceaſe not to lament through: life: their own want. of foreſight 
in neglecting the Opportunities af Improvement which were 
offered to them in the Univerſities, or the Supineſa of thoſe 
who had the care of their Education, in not having ſtimu- 
lated:them to the purſuit of uſeful ſtudies. This is only 
the genetut actount, for there are ſome to hom it is not 
applicable; and though it may not be in our power to 
counteratct the indolent propenſities of Natute, or to ſtem 
the torrent of faſhionable levities, to which young Men, by 
2 too early introduftion into the: world, are fatally expoſed; 
yet it is our Duty to endeavour to augment the number of 
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thoſe, who, at ſo green an Age, have learned to make 4 
proper eſtimate of their futre uintellectual wants; and I know 
no method better adapted to eſſectuate this defirable End, 
than to propoſe to them entertaining Objects of Study, of 
which they may clearly perceive the immediate utility, in the 
application of the knowledge they attain, to the impottant 
purpoſes of Legi Policy and Rural Occonomics-: > » 
I mall de that there is not time for this: that even 
what is of infinitely more value than all the reſt; the Inſtitutes 
of Chriſtianity, can be but ſuperficially attended to during 
verſities. I will not attempt to obviate this--objeftion by 


every country they paſs throagh, they will be in a condition 
to receive, becauſe they will poſſeſs the Ability of commiuni- 
young Men into France and Maly tends only to fill Great Br i- 
{ain with Sabblers in Virug/prewnders in Taſie fiolits in 
Lierative, and infidels in-Religjod-- e e amine > 1 

: perceive myſelf infenſibly falling into what, I mean to 
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than thoſe who know us not are apt to ſuppoſe ; and our de- 
fects are not ſo much defects in our - Inſtitution (though 1 
have never ſcrupled to profeſs an humble Opinion that it 
might be amended) as in our Diſcipline ; and the defects in 
our diſcipline ; are not ſo properly our defects, as the defects 
of the Manners f thi Age. If a young Man at ſeventeen be 
accuſtomed at home to have horſes always at his command; 
to follow country-diyerfions without reſtraint; to mix in 
long convivial familiarity with perſons of advanced age ; to 
drink as much as he pleaſes at his father's table; to hear im- 
proper connexions'With the Sex ſpaken of in all companies 
as venial levkies; and not to hear them ſeriouſly cenſured in 
any as Offences againſt Chriſtian Morality ; and if to all this 
he be ſupplied, through a deſtructive indulgence, with ſums 
of money exceſſive for his age, and far ſuperior to his wants, 
canit be a matter of wonder that it is not in the power of an 
Univerſity to rectify the diſorders of ſuch a domeſtic Educa- 
tion? I have no intention to miſlead the Opinion of the world 
concerning us, nor to exculpate ourſelves by criminating 
others. If we yield to the corruption of the Age, we yield 
as lowly as we can; and it is not, perhaps, poſſible for us, 


wholly to eſcape the Malignity of its Influence. 
irh * 
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Three of the following tracts have been publiſhed, the 
other three were only printed and given away: they would 
make a thir@ volume, but I think it would not be acceptable 
to many readers. 

' Inftitutionum Chemicarum in Prælectionibus Academicis 


" explicatarum, pars Metallurgica. Cantabrigiz, 1768. 
: | ' Experiments 
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Experiments and Obſervations on various Phenomena at- 
— Solutit of Baſs. Publiſhed in the Philophi- 
cal Tranſ. 177. 

An Efſoy on the gatzedks of Chemiſtry and their general 
Divifion. Printed at Camb. 17%. 

A Plan of a Courſe- of Chemical Lectures, Printed at 
Camb. 1771. r 8 
Some Remarks on the Eflefizof the great Cold in Febru- 
ary, 1771. Publiſhed in the Phil. Tran. 2771. 

Account of an Experiment made with a Thermometer, 
the Bulb of which was painted black, and. expoſed to the 
dect Rays of the Sun. Publiſhed in the Phil. Tranſ. 
3 7 1 - 141 fan . | 4 . 3 
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of Lops Colominaric—Blende—Zinc— Brafs. 


1 Gs eee 
The Arabic word cl/imia, or, as it is pronounced by fome, 
calimia, denotes the fame fubſtance which we call /apis 
calaminaris, calamine, or calamy ; and hence Salmaſius is of 
opinion, that they judge very prepoſterouſly who would 
derive calamine from calaem, an Indian word 
according to him, a ſpecies of metal reſembling tin, which 
is dug near Malacca*. With due deference to his autho- 
| = | rity, 
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rity, I would obſerve, that Indian aa/aem is not like tin. 
Many years ago the took a Portugueſe veſſel which 
was laden with calm, and from all the experiments which 


- | n An a | — N ſmelters, 
ine, | 1 2 5 ; v 4 
-* Savotusde Num. Ant. F. II. C. VW. 

＋Pfeudo-galena nomen ſuum exinde acquiſivit, quod 


quaſi minerz plumbez pre ſe ferat, ſed mentiatur, cum id re- 
vera non contineat, quod externo aſpectu pollicetur. Germanis 
appellatur blende a"blenden, quia, cum falſo ſpeciem miner 
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fmelters, black jack inſtead of lead ore; I have heard of the 


fraud being carried to ſo great an extent in Derbyſhire, that 


Fg 


from a ton of ore there was not obtained above a few outites 


of lead; though a ton of unadulterated lend ore yields in 
„ 14 * W | 


lead. 

. — of Enrope;, we have: 
great plenty of it in Somerſenſbire, Flintſhire, Derbyſbire, 
and in many ather parts of England. It is ſcarcely to be 
diſtinguiſhed by its appearance from ſome ſorts of lime- 
ſtone ; for it has none of the metallic luſtre uſually apper- 
taining to. ores; it differs, however, by its weight from every 
ſort of ſtone, it being, bulk for bulk, near twice as heavy as 
either flint, or limeſtone. Before the reign of Elizabeth, 
this mineral was held in very little eſtimation in Great Bri- 
tain ; and even at fo late a period as towards the end of the 
laſt century, it was commonly carried out of the kingdom as 
ballaſt, by the ſhips which traded to foreign parts, eſpecially 
to Holland “. Its uſeis now as perfectly underſtood in Eng- 


land, a8 in any part of the world ; and as we have greater 


the calamine is much mixed not only wirh this iron ſtone, 
but with cawk, lead ore, and limeſtone. The calamine 
miners never wiſh..to meet with lead ore; they ſay, that 
it eats up the calamine; and the lead miners in return 
£64 en r rare 
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and by calcination it loſes between a third and a 


part of- its weight. - P 


fourth 
during the calcnation/ of the 


| The ſubſtance which is loſt 
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ently 

ing the calcination of 
2s was obſerved in a former Eſſay concerning fimilar ones 
when applied to calcareous earths, mutually confirm each 
... r £07 ah TY ; . 5 "x6 | 
70 "obſerves, that 100 grains of Flingſburs cala- 
mine loſt by calcination 34 grains“; now this quantity cor- 
reſponds, i Work 8s can de n ings of ne 


a „ Vol. I. 5. 7. \ 
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tap 
J F between 
weight obtained by ſolution, and the lofs of — 
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| only 100 grai — tor If a 
28 ſhire c ry thor, however, remarks that — — 
28 grains of air; and b = go 7 

x — Fo — 
contained in every 200 grains of that fort of * 


ſuſtained during the calcination of 100 grains of calamine, 

= 

0 be owing 19 the war which i perl during — 

air . 2 hs II | — 

5 from grains of Somer/erfbire calamine; _ 
the ſame proportion, had he uſed only 8 
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2 — — prove, 

— — — 
as to the quantity of air contained in them, it will not fol- 
low, that the calamines, as prepared for ſale by the miners 
ot burners, will be fimilar to each other in all their pro- 
pertiesz ſinee they may be mixed with different quantities 


and with different ſorts of heterogeneous ſubſtances; from 


which i de impoſſible wholly to free them. - 

— fates of r 
calciaation, or afford fixed air by ſolutiom in acids Berg- 
man analized fome calaniine from Hungary, and he found 
100 grains of it to conſiſt of 84 grains of the earth of zinc, 
3 of he -earth of iron, 1 of clay, and 12 of filicious 
. catthz-:no mention is made of water in this analyſis*. 
Is cent works, where calamine is prepared for the 
braß makers, after it has been properly calcined, by which 
proceſs, as has been obſerved, it loſes between a third and a 
fourth part of its weighty it is again carefully picked, the 
heterogeneous parts having been rendered more diſcernable 
dy the action of the fire; it is then ground to a fine pow- 
+ der; afterwards it is waſhed in 4 gentle rill of water, in 
order to free it, as much as poſſible, from the earthly parti- 
- des: with which it may; be mixed 5 for theſe, being twice as 
- light as che particles of the calamine, are carried off from 
it by the water; it is then made up for ſale. A ton of the 
_ crade Derbyſhire calamine, as dug from the mine, is re- 


duced, by the various proceſſes it undergoes before it be- 


comes ſaleable, to about twelve hundred weight; and hence 
i das laſt & parts in 20. r 
loſt ia à ton, may be eſteemed ar, remaining 
. 14, conſiſts of ſome impurities which 
I, es ths „ 
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de © Bey, Chand. BE; Vol. . p. 395; 
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driven off during the caleinaribny- for I cannot agree! with 
Wallerius® in ſuppoſing chat the ores of winc> loſe no part 
of their ſubſtance daring the ordinary proceſs of calcinati- 
on; the blue flame which is viſible in the furnace where the 
calamĩne is caleined, and the injury which the aatamine fuſ- 
tains from being calcined with too ſtrong a fire, are proofs 
to the contrary. It would be poſſible to uſe calimine for 
the purpoſe of ' making braſs without calcining itʒ for the 
fixed air would be diſſipated by the heat applied in making 
the braſs. But as in uſing a ton of uncalcined calamine, 
there would be berween fox and ſeven hundred weight put 
into the braſs pots, which would-be of no manner of uſe in 
the operation, it is a wiſer methad-to get rid of fo-large a 
quantity of unſerviceable matter; eſpecially as the carri- 
age of ſix or ſeven hundred weight to the diftance:to which 
the prepared calamine is ſent for the making of braſs, 
. geertece — paitng o&f H 
amounts to. _— | tin — 

There are ay forts of nds it Hack jack; which af. 


what is thus diſperſed conſiſts principally 
fulphur with a Rule watet;; - 
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1 believe, it was firſt uſed there under a but ſo lie 
tle was this application of t known in parts of the 
kingdom, that in the year 1177, they begged me in Derby- 
ſhire (where they had à little before that time begun to 
fave E not ts d the putyale "to whith 2 
applied. 

It has not been long well underſtood, that either cala- 
mine or black jack contained any metallic ſubſtance. Mat- 
thielus, " Agricola, Caneparius, and other expert and more 
ancient metallurgiſts, eſteemed calamine to be a mineral, in 
which there was no metallic ſubſtance®. Their miſtake on 
this fubje& was very excufeable; for the metallic ſubſtance 
contained in calamine, being of a volatile and combuſtible 
nature, it is conſumed or diſſipated by the ordinary proceſſes 
in which metals are extracted from their ores. Moſt ores 
require to be fluxed in contact with charcoal, or. fome 
other ſubſtance containing phlogiſton, before they will yield 
2 
inſtead of being diſperſed in vapour, is collected into a maſs 
at the bottom of the veſſel, or furnace, in which the ope- 
ration is performed. Calamine, in like manner, muſt be 
united to phlogiſton, before its metallic part, which is call- 
ed zinc, will be properly formed; but as ſoon as it is form- 
ed, it flies off in vapour, aid taking fire burns with a 
vivid flame. This plenomenon: is tafily” made apparent, 
by mixing calamine in powder aud charcoal 'duſt together, 
and the mixture to a melting heat, for à flame will 
iſſue from it very different from what charcoal alone would 
yield; no miſs of any metallic ſubſtance will be found at 
the bottom of the veſſel; but in the place where the'eaperi- 
ment is made, there will be ſeen many white flotks floar- 
ing in the air; theſe flocks are the aſnies of the” metallic 
ſubſtance of the calamine, they are called fowers of zinc, 
2 — mbil album, and by other fanciful 
1 | Ff 2 names. 
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retort, where it was condenſ- 


vapour of 
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Porr wrote a diſſertation on zinc in 1741, in which he 
enters into the hiſtory of the diſcovery of this ſemi-meral ; 
Bergmas has availed himſelf of all that Pott knew on the 
ſabjeft, and has added ſeveral things of his own; I cannot 
compreſs the matter into a leſs compaſs than he has done. 
«© The Emi-metal, which at preſent is called zinc, was not 
known ſd much as by name to the ancient Greeks and Arabi- 
ans. 'The name which it bears at preſent firſt occurs in 
Theophraſtus Paracelſus , but no one 4s yet has been able 
to diſcover the origin of this appeHation. A. G. Agricolo 
calls it contrefeyn +; Boyle, ſpekrum te by athers it is deno- 
minated ſpiauter, and Indian tin j. Albertus Magnus, more 
properly called Bolſtadt, who died in 1290 J, is the firſt 
who makes expreſs mention of this ſemi-metal. He calls it 
golden mareaſite, aſſerts that it approaches to a metallic na- 
ture, and relates that it is inflammable. However as zinc is 
white, the name of golden marcafite is not very proper; it 
wodld therefore appear probable; chat it derives that name 
from the golden colour which it communicates to copper, had 
not Albertus expreſsly ſaid, that copper united with golden 
marcaſite becomes white 3 but he has probably either miſun- 
derſtood or miſrepreſented what he had heard related by 
others. It may alſo happen, that zinc was formerly thought 
to contain gold. J. Mattheſius F in 1562, mentioned a 
white and a red zinc; but the yellowneſs and redneſs are 
only to be underſtood of the ores. Hollandus, Baſil Valen- 
tine, Aldrovandus, Cæſius, Cæſalpinus, Fallopius and Schro- 
eder, obſerve a profound filence on that head **. The caſtery 
Jodi bans hipy face yas in palſ-ſhen of the mother, of 


Uk "FX * " £ 
8 r 
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tracting pure: zinc from the ore; at leaſt in the courſe of 
the laſt century this metal was brought from thence to Eu- 
rope. Jungius mentions the importation of zinc from In- 
dia, in 1647; 3-metal of this kind, under the name of tu- 
tenag, is ſtill brought from thence, which muſt be carefully 
diltinguiſhed from the compound metal of that name, G. 
ug yells us, in 16417, that a long time before 
zinc had been collefted by fuion at Gollar 4. It has been 
lang uſual to form orichalcum from the ores of zinc by the 
addition of gopper ; but it does not yet appear at what time 
this art was invented. Pliny makes mention of the orichal- 
cum, as alſo. of three ſpecies of Corinthian vaſes, one of 
which js yellow, and of the nature of gold f. Etraſmus 
Ee of; Noremberg, in the year 1550, was the firſt who 
nſed the cadmia of Goſlar for this purpoſe. In the year 1721, 


lapis calaminaxis by means of phlogiſton, but he conceals 
the methad 5,../The celebrated Anton. Van Swab, in 1742, 
extrated.it from: the ores by diftillation, at Weſterwick in 
Dalecarſia J. R vas determined to found a work for the 
purpaſe of extracting larger quantities of this ſemi-metal ; 
r ee 1 een "lie 

| , #1 ; 
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Janez, Nd wid dries be ded; take 

the French tranſfacion of the | logia, p. 295.—On 

pool Aerts rough ne dw fer, i eſt 
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_ =jac,que I on obtient non-ſeulement en lui preſentant le corps 

” "avec lequel il peut 87 incorporer, c* eſt· a· dire le cuivre qui eft fon 

aimany mais encotece demi-metal ſe montre ſimplement par E ad- 

dition d' une matiere gr 2 gui metalliſe ; il faut ſeulement pour 

eviter que ce phenix he RI Wy your ag 

rule, et obſerver le tems et les circonſtances. 

1 Elogium magni bujus Metallurgi coram R. Acad, Stock 
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Henckeęl indeed mentioned that zinc might be obtained from 
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aſide ʒ therefore the illuſttious Marggraf knowing 
year 146, publi by the Swediſh mineralogiſts, — 
r ed a method of performing — 
zinc ĩs extracted in 4 himſelf. *, _Ie 1 — 8 
— — — — _— 
— a voyage to that country — fo 
—— Henan 
— —— —— 
— We Ker de thy 
_ _—— ſeen that it 
by Meſf, Cronſtede — — 
— — 
te on .'The- difficulties. occaſioned... 
ns rears — — ro — 
tat onde — — — 
— eee 
—_—_ as compoſed of tuo or ther i- 
called it a ſpurious . — 7 
3 — wa of holds 
conſider it merely —.— ſulphur; 
Homberg, as a mixture — Ka = 
CIAL) — thy made brine 
—The — Ghar 
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of Dr. Iſaac Lawſon; of whom Fott, in his Effay on Zine, 
ſpeaks very reſpectfully, acquainting us that he really ob- 
— — that ſemi- metal from calamine. So 
that though Hencte! was the , Lawſon was, probably, 
the ſecond perſon-in Europe who procured zinc from cala- 
mine; whether he was the Engliſhman who, according to 
vent to China to diſcover the method of doing it, 
is what I have not been able to learn with certainty. Our 
Engliſh writers who have touched on this ſubject, ſpeak in 
high terms of Lawſon, I ſuppoſe from their perſonal know 
ledge of him, for they do not refer to any written account *.. 
Thus Dr. Fryee fays, 4“ + the late Dr. I. Lawſon obſerving 
that the flowers of lapis calaminaris were the ume as thoſe. 
of zinc, and that ita eſſects on copper were alſo the fame 
with that ſemi.meral, never remitted his endeavours till he 
found the method of ſeparating pure zinc from that ore. 
And Dr. „in his Survey of Britain, is ſtill more 
r the credit if no: the value of calamine is very 
muck raiſed, ſince an i eountryman of ours" diſco- 
vered that it was the true mine af zine; this countryman 
was Dr. 1. Lawſon, who died before he had made any ad- 
vantage of his diſcovery. The authors of the Supplement 
to Chambers Dictionary, publiſhed in 17 53,cxprefely affirm, 
that * Dr. Lawſon was the'firlt perſon who ſhewed that 
calamive contained zinc; "ral Re ee 
ys ls * —— wh 1 | 1 . 
S of Dr. 
Lawſon's De Nieil, which I have never met with, and amongſt 
others the following one, Quamvis lapis calaminaris nee fublimati- 
one, nec cum flux, nigro det zincum, tamen ſimiles flores, fumilis 
inigne color, ſimilis ti nctura cupri, et augmentum ponderis proba- 
„ = © » 0 AR RI 
TY 


+ Mineral. Cornub. 
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work eſtabliſhed by the diſcoverer of this ore, which will 
probably make it very unneceſſary to bring any zinc, into | 
Eagland.”—To all this I ſhall only add ons teſtimony mores. 
from which it may appear that the Engliſh knew how to 
extract zinc from calamine, before Mr. Van Swab. taught. 
the Swedes the method of doing itz though this geptleman, 


ſame: purpoſe as calamine, or tanght-him-ſame improvements. | 
in the method of obtaining zinc from its ores. The teſti- 
=p ATA 47 
liſhed in 1937, be is there ſpeaking of. the 
which ſome perſons had vntertained of the 
obtaining zine. from calaminez hopes, be. ſays 
tem edict Eagan, Ce ou a Anglo ani 
peu de Briſtol, dit avoir. vu rẽuſſir dans fon pays . 
The manufactory, however, of. zinc-was-not- 
ed at Briſtol till about the year 1743, when Mr. 
on obtained a patent for the making of it. 
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| Near twenty years ag9 I Gw the operation of procuring, | 
zinc from calamine performed at Mr. Champion's copper 
works near Briſtol ; it was then a great ſecret, and den 
it be now better known, yet I am not certain whether 
are. any works of the Kind yet eſablihed in any oer pare 
„ ͤWXÄ—A that before monte + | 
at Henham. In a circular hind: of 00, hes O09 300% | 
fargace, there were placed fix pots of about four feet each 

in 

of the 

made 


4 This obſervation fas itt pi  in«the ach vol. of 
Ada Phyſico-Medica Acad. Nat. Cur. 1537, but I have 


the quotation from the Ed. of R 
Ferie, 1760, Vol. I. p. 494. 2 


in height, much reſembling large oil jars in ſhape ; into the 


3% CHEMICAL EBSSATVS. 


| bottom of each pot was inſerted an iron tube, which paſſed 


| 


Wool, Sc. flick t 


6 


through the floor of the furnace into a veſſel of water. The 
pots were filled with a mixture of calamine and charcoal, 


and che mouth of each was then cloſe ſtopped with clay. 
The fire being properly applied, the merallic vapour of the. 


calamine iſued cthroogh the iron tube, there being no other 
place through which it could eſtape, and the air being e- 
Auded, it did not wake fire, but was condenſe in ſmall par- 


ingots, and ſent to Birmingham under the name of zinc or 


2. The reuder wilt: uederftand that uus inc will 


be more or leſs pure, according ds the calunine is free from 


or mixed with iron;/ lead, copper, or other metallic ſubſtan- 
ces. At Goſlar, in Germany, they ſmelt an ore which con- 
tains lead, and filver,' and eopper, and ots and zinc in the 
ſame mäfs ; the ore is ſmelted for the purpoſe of procuring 
the lead and filver, and by a perticular eontrivance in the 
furnace.” which is well deſeribed by Cramer t they obtain 
# portion of zinc in ſuhſtanee 3 another portion of it is in- 
8amed, and the aſhes of the zinc which is thus/ conſumed,” 
and which it has been obſerved before are called philoſophic 
the top and ſides of the furnace, 


of fluxing the zinc which is brought from India. According 
to Mulfchenbroek, a cubir fooe of Tniiat-tinc weighs 7240 
ounees ; the ſame bulx of Gollar zinc, taking the medium 
of three ſpecimens, gave 7210 ounces 1 ; the Gollar zinc, 
which 1 examined, gave ouly 6953 ounces to u cubic Toory 
Slee oo —— „ a 'S IT WY 5 | a cubic 


1 


e There. is another ſbfiance which is denominated ſpelter, 
ar 


- 


pelter ſolder by the braziers, it is compaſed of two. party 
+ Ars Docim. Vol. I. p. 236. : | 85 
t Introd, ad Phil. Nat, Vol. II. 
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a cubic foot of Engliſh zinc, from Briftol, weighs 7028,-and 
hence if the lightneſs of zinc be a criterion of its purity, 
our Engliſm zinc is KK 
equal to the German zinc. 955 
I the reader „„ 
him ſome idea of it to be told, that in colour it is not 
ualike lead; that it is hard, and ſonorous, and mallcable 
in a ſmall degree; that it does not melt fo eaſily as either iin 
or lead, but more caſily than ſilver or copper ; that in a de- 
gree of heat juſt ſufficient to melt it, it burns away into a 
kind of gray aſhes without being inflamed ; that in a ſtron- 
ger heat it burns with a yellowiſh blue or green flame, 
reſalving itſelf into a white earth, which is either driven 
off by the violence of the fire during the combuſtion, or re- 
mains ſurrounding the burning zinc ſike & piece of cotton 
wool. This combuſtion of zinc is as ſtriking an experiment 
as any in chemiſtry, and it is in the power of any perſon- to 
make it, by ſprinkling filings of zinc on a pan of burning 
| charcoal, or on a paker or other piece of iron heated to 4 
white heat ; it is this property which renders fine filings of 
zinc of great uſe ia ſire works. Zinc is à very ſingular me- 
tallic ſubſtance, it not only burns when fafficiently heated 
with a vivid; flame, but it yields an inſlammable air by 
folation in the acids of vitriol an of ſea falt, and even in 
ſome of its ores it manifeſts a phoſphoric quality ; I have 
ſeen” a piece of black jack from Freiberg, which being 
ſcratched in the dark with the nail of a finger emitted 'a 
ſtreng white liglit. The 'Chineſe zinc is faid to contain 
abont half a pound af lead in an hundred, and the German 
zinc ſome what more“, and our Engliſh zinc is. thought by 
ſome to make the copper with which it is melted harſher and 
leſs malleable, than when either of the other forts of zinc is 
uſed; though this opinion I ſuſpect is rather founded in pre- 
judice than in truth. There is an eafy method, when pure 
vigc is required, W e 


# Berg, Ex Vol, U. p. 516, nate. * 
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than to melt it with ſulphur and ſome fat ſubſtance to pre- 
vent its calcination, for the ſulphur will unite itſelf to the 
lead, the copper, or the iron contained in the zine, and re- 
duce them to a kind of ſcoria which may be ſeparated from 

the melted zinc, but it has no action on the zine itſelf *, 
The zinc made by Mr. Emerſon is whiter and brighter than 
any other either Engliſh or foreign zine, but I do not know 
that it owes theſe qualities to its being purified by ſulphur. 
Zinc and copper when melted together in different proporti- 
ons, conſtitute what are called pinchbecks, &c. of different 
yellow colours. Marggraf melted pure zinc and pure cop- 
per together, in a great variety of proportions, and he found 
that eleven, or even twelve parts of copper being mixed with 
one part of zine, (by putting the zinc into the copper when 
melted) gave a moſt beautiful and very malleable tombac or 
Pinchbeck . Mr. Baume gives the following proceſs for 
making a metal which be ſays is called Or de Manheim, and 
Which is uſed for imitating gold in a variety of toys, and alfo 
on lace. Melt an ounce and an half of copper, add to it three 
to prevent the calcination of the inc 45 this covering of the 
meked maſs with charcoal is certainly ſerviceable in the way 
the author mentions; and it is on a ſimilar principle, that 
when they melt ſteel at Sheffield, they keep the ſurface of it 
covered with charcoal ; but I think it probable alſo, that 
the charcoal contributes to exalt the goldes colour of the 
pinchbeck. Theſe yellow metals are ſeldom ſo malleable as 
braſs, on account of the zinc which is uſed in making them 
not being in ſo pure a ſtate, as that is which is combined 
with copper when braſs is made; yet it appears from the 
DAT”: n | | Res Ar 


* I am aware. that Mr. Morveau has found out a method of 
combining zinc with fulphur ; but in this general view, I pur- 
pose paſs over many things, which are deſervedly eftecmed 
of great importance by perſons deeply — 
I Mem. of Berlin, 1774. 
t Chy. par M. Baume, Vol. II. p. 662. | 
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experiments of Marggraf and Baums before mentioned, that 


when pure zinc and pure copper are uſed in proper proporti- 
ons, very malleable braſs way de made thereby. Mr. Emer- 


fac of lenge thor i mixed with Octamine —— 
doth in powder, and expoſed in a melting pot for ſeveral 


weight of copper, the more ſpace has the metallic vapour 
of the calamine to attach itſelf to, and this is the reaſon that 
the copper is granulated, and that it is kept from melting and 
running into a maſs at the bottom of the veſſel, till near the 
end of the operation, when the heat is increaſed for that 
purpoſe. 

The Gemana:beaſo-makers, is the tins of Zrchera, uid 
to mix 64 pounds of ſmall pieces. of copper with 46 pounds 
of calamine and charcoal, and from this mixture, they gene- 
rally obtained go pounds of braſs . Cramer recommends 
3 parts of powdered calamine to be mixed with an equal 
weight of charcoal duſt and 2 parts of copper, and fays, 
that the braſs obtained by W <rIo." 


n Pettus, P. 286. Newman gi ves 
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of the copper by a fourth. or even a third part of its weight®. 
At moſt of our Engliſh braſs-works they uſe 45 pounds 
of copper to.66 pounds. of calamine for making ingot braſs, 
and they ſeldom obtain leſs than 60 or more than 0 pounds 
of braſs z at Holywell, they reckon the medium product to 
be 68 : and hence a ton of copper, by this operation, be- 
comes rather more than a ton and an half of braſs. This is a 
larger increaſe of weight in the copper, than is obſerved in 
any of the foreign manufactorĩes that I have ever read of, and 
it may de attributed to to cauſes, to the ſuperior excellence 
of our calamine, and to our ufing, granulated capper. Poſtle- 
thwayte, in his Commercial Dictionary, attributes the differ- 
ence in the increaſe of weight acquired by the braſs to the 
different natures of the coppers which are uſed, ** there is 
an incxeaſe of 48 or go pounds in an hundred; if copper of 
Hungary or Sweden be uſed ; that of Norway yields but 38, 
and that of Italy but 20.” When they, make braſs. which is 
to be caſt into plates, from which pans and hettles are to be 
made, and wire is to be drawn, they uſe calamine of the 
fneſt ſort, and in à greater proportion than When com- 
mon braſs is made, generally 56 pounds of calamine to 34 
of copper. Old braſa, which has been frequently expoſed 
to the action of fire, when mixed with the copper and cala- 
mine in the making of 'brafs, renders the braſa far more 
duttile and fitter for the making of fine wire than it would 
be without it; but the German braſs, particularly that 

made at Nuremberg, is, when drawn into wire, faid to be 
preferable to any made in England for muſical inſtruments. 
If this: preference be real, it will ceaſe to exift as ſoon as 
any ingenions man ſhall undertake to examine the ſubject, 
for our materials for making braſs are as good as any in the 
world. - The quantity of charcoal which is uſed, is not the 
fame at all works, it is generally about u fourth part of the 
weight of the calaniine ; an excels of charcoal can be 
 antended with no other inconvenience than that of uſe- 
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"Iefaly filling up the pots in which the braſs is made 4 but 
Powdered pitcoal, which is uſad | at; ſome works; in con- 
junction with, or in the place & charcoal, greatly injures 
the -malleability-of the brafs.. As to black jack; the other 
ore of zinc, it is not ſo commonly uſed as calamine for the 
-making of braſs. The manufaQurers have been ſomewhat 
-caprieious in their ſentimeuts concerning it, ſome have prę- 
ferred it to calamine, and others. have wholly neglected it ; 
and the fame penſons at different times have made great uſe 
-of it, or intirely laid it aſide. There muſt have been ſome 
uncertainty in the produce or goodneſs-of braſs made by this 
mineral, to have occaſioned ſuch different opinions, concern - 
Ing it, and this uncertainty may have proceeded either from 
the variable- qualities. of the mineral itſelf, or from the un- 
alinineſs of the operators in calcining, &c. a mineral to 
loads of it were ſent a few years ago from Cornwall to Briſ- 
tall, =tthe price of ap ſhillings down. eee ee 


Habla 10: ſeate-in che: fire; — — It is not 
mallbable when bot, and in this reſpect it is inferior to 


copper; but when cold it may be beat ont into thin 
-leaves, - as may ber ſeen” in the brafs leaf which emulates 
in colour and thinneſi gold leaf. If a. brafs leaf be held 
in the flame of a candle, the metallic part of the cala- 
copper. This change of braſs into copper. will take place 
in the largeſt mages; 2s well as in thin leaves of it; if the 
braſs be ker z ſafficient time in a ſtate of fakan. "The va- 
rieties in the colon, malleability, and ductility of braſa, 
proceed from the quantity and quality of the calamine im- 
bibed by the copper; * 

nr mar. "i 
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2 circumſtance of no finall importance in the making of 
braſs. ©* T have obſerved, ſays Dr. Lewis“, in a large fer 
rr 
(that is, of the zinc contained in the cah mine) dilutes the 
colour of the copper and renders it pale; that when the cop- 
per has imbibed about one twelfth of its own weight, the 
colour inclines to yellow; that rhe yellownefs increaſes more 
and more till che proportion comes almoſt to one half; 
that on farther augmenting the calamine, the braſs becomes 
paler and paler, and at laſt white.” As tothe different 
qualities of different kinds of copper, they are ſufficient- 
ly known to workmen employed in fabricating itz and 
philoſophers have fo: far obſerved them as to diſtinguiſh 
the different forts of copper by the different weights which 
appertain to equal bulks of them. The lighteſt copper 
which Muſſchenbroek has noticed, is, that which is preci- 
pirated from the copper waters in Hmgaryy « cubic- foot 
of this fort weighed, ben melted, 7242 ounces; and, the 
heavieſt fort he «mentions is the ban copper, a "cubic 
foot of it, when ſimply melted, weighing -8326 ounces. 
The difference of the weights of equal bulks of theſe two 
ſorts of copper is very coatiderable; but yet it is much lefs 
than what may be obſerved between two ſperimens of the 
ſame ſort of copper, one of which has been raf, and the 
other has been -wroug hr: che fame Hungarian copper, 
which, when barely meked; weighed 7242 -onnces te the 
cubic foot, when' is had Been condenſed by being long 
— hammered, weighed gonna Many of or | Engliſh writers 
eſtimate the weight-of 2 cubic foot of copper at oo 
melted meretv, or hammered ; nor from-what mine it was 
procured. I found the weight of a'cubic foot of plate-braſs 
— heyy Wyn AAR YI'0 
pa: oi wo" * 5 aan 2:4 5 2 old 
rer Jo yntens = hos TEIqeS 55 7 , L506 
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als braſs from. the bom. of. an old kettle. to be 8819, 
OO en EE 


if all the zinc had been burned away. 1 had a. 
una hs areas eng in Lene 
concerning the uſes to which the celts were , 

| to be eſteemed Britiſh or Roman i 


r of fuſion it emitted a blue flame, 
and a thick white ſmoke, which are eſteemed certain marks 
of zinc;, I meked it a fecond time, but there Was no ap- 
pearance of either flame or ſmoke, the zinc having been all 
conſumed; e a Cubic foot 


have a Hratum of bluiſh gray ragfone in W 
Which lies under the limeſtone; large cobbles of this ſort 
al ſtone, which are expoſed to the air, are decayed to a 
certain depth from the ſurface, whilſt the inward part ſeems 
intire z a cubic foot of the outward part of one of theſe 

Vor. IE — 1 ones 


ee AE ns 


— 


43s CHEMICAL" ESSAYS. 


ſtones weighed 2378, when the inward patt of the ſame 
ſtone weighed 2505 ounces t6 the cubic foot. This rag- 
ſtone is very hard, but the fame phenomenon may be 
noticed in a ſtone ſtill harder. The Cambridggbire black 
flint weighs 2592 ounces to the cubic foot; the ſame flint 
being in pa#? decayed and become externally White, though 
black within, weighed 2414, and when Become who/!y 
white, 2450 ounces to the cubic foot: the getter reaſon 
of this ſeems to be, that the ports of the decayed body ate 
in which nature operates in decompoſitig ſtones. *Flinrs, 
jaſpers, petro-filex, feltſpar, granites, lavas and ferrugi- 
neous ſtones, have frequently faid to de decompoſed 
dy the air, and the obſervations of Mr. Greville and Sir 
W. Hamilton have removed every doubt I entertained on 
this head. With regard to furruginecus ſtones, in, which 
the calx of iron is not much dephlogiſticared, this decom- 
poſition Is eaſily underſtood, for this calx gradually becomes 
more dephlogiſticated by the action of water and air, at- 
tracts Water and fixed air, and loſes its adherence with the 
ſiliceous, or other ſtony particles? this is ſeen to happen to 
bafaltes, toadſtonie, In other 
ſtones this decompoſition may ariſe from their containing 
calcareous earth in à cauſtic ſtare, or manganeſe, for theſe 
will gradually attract water and fixed air, and then fwell, 
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them; ſome advantage might, perhaps, be derived from 
the inquiry to our manufacturers, for I have cauſe to think 
that iron, which has been expoſed to the air for three or 
four years, is a very different ſubſtance from the ſame iron 
when juſt made; and the fame obſervation will probably 
hold with reſpect to copper and braſs. — But to return 
from this digreſſion. 

The- calamine of Bohemia contains iron; maſt 'of out 
Engliſh calamine contains lead; and there are fome forts 
which contain both iron and lead, and other merals in diffe- 
rent proportions : theſe ſorts can ſeldom be freed from the 
extraneous metals, and hence, in the ordinary method of 
making braſs, they will be mixed with it, fuſible in 
the degree of heat uſually employed in making Cramer 
mentions a very ingenious method of making brafs, by which, 
if it ſhould be thought neceſſary to do it, the braſs may be 
preſerved pure from theſe h mixtures. He or- 
ders the calamitie and charcoal to be mixed with moiſtened 
clay, and rammed to the bottom of the melting pot, and the 
copper mixed with charcoal to be placed upon the clay; 
then, rhe proper degree of heat being applied, the vapour of 
the zinc contained in the calamine will aſcend through the 
clay, and attach itſelf to the copper, but the iron, or lead con- 
tained in the calamine, not being volatile, will remain in the 
clay, and the braſs when the whole is melted will not be 
mixed with them, but reſt pure on the ſurface of the clay. 
Mr. John Champion, brother to him who firſt eſtabliſhed the 
manufactory of zinc at Briſtol, is a very ingenious metallur- 
giſt, and he has lately obtained a patent for making braſs 
by combining zinc in vapour with heated copper plates, and 
the braſs is faid to be very fine ; whether the proceſs he uſes 
has any correſj with this mentioned by Cramer, or 
not, his braſs will certainly be free from the mixture of lead, 
&c. But the care to purify braſs from ſuch metallic mix- 
tures as may be accidently contained in the calamine, is, or 


is not neceſſary, A 
Gg 2 


is applied. Theſe mixtures may probably injure the malle- 
ability of the braſs but they may at the ſame time increaſe 
its hardneſs, or render it ſuſceptible of a better poliſh, or give 
it a particularity of colour, or ſome other quality by which 
it may de more uſeful in certain manufaftories, than if it 
was quite free from them, and conſiſted of nothing but of 
the pureſt metallic part of the calamine, united to the pureſt 
copper. This may be illuſtrated from what is obſevable 
in other metals. "The red iron ore from Furneſs in Las- 
caſbire, produces an iron, which is as tough as, $panifþ iron, 
it makes very fine wire; but when converted into bars, it is not 
elteemed ſo good as that which is made in the foreſt of Dean, 


_ — 


way laſt longer when expoſed, as in breweries, in the navy, | 
Ac. to the action of the fire, than the copper which. is more 
| malleable. This has been proved by experiment. Three 
| plates of copper, equa? to each other in ſurface ahd thick- 
| N Sg 2 4 N 0 | + {F Moan $5 48 neſs, 
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neſs, were expoſed for the ſame length of time, to a- violent 
fire, with a view of ſeeing which would beſt ſuſtain its acti- 
on; one plate was made of copper which had been purified 


Hungary, and the third of Swedifh copper. The purified 
copper, when freed. from the calcined ſcales, had loſt 5 


gail of bd won, (hand: Fnngary hed aſl ©, and that of 


Sweden 11 grains *, 


Queen Eikadetd, in « 66e, granged by patcai all the cala- | 
mine in England and within the Engliſh Pale in Ireland to 
her aſſay maſter William Humphrey, and one Chriffopher- 


by a chemical proceſs, another was made of copper from 


' 


| 


| 


Shutz a German, and, as the patent ſets forth, a workman | 
of great cunning, knowledge and experience, as well in the 


finding of calamine, as in the proper uſe of it for the com- 


poktion of the mixt metal called atten or bra + With 


theſe patentees were ſoon after aſſociated ſame of the greateſt 
men in the kingdom, as Sir Nicholas Bacon, the Duke of 
Norfolk, the Earls of Pembroke and Leiceſter, Lord Cob- 


incorporated into a ſociety, called, The Society for the Mi- 


neral and Battery Works in the year 1 568. Mines of /atten, 


whatever may have been at that period meant by the word, 


are mentioned in the time of Henry VI. who made his chap- 


lain John Bottwright, comptroller of all his mines of gold 


and filver, copper, latten, lead, within the counties of Dexon. 
and Cornwall ; yet I am diſpoſed to think, that the begin- 
ning of:3he. braſs mranaiatary jo; Baghing may be. properly 
referred to the policy of „ who invited into the 
kingdom various perſons from Germany, who were well 
Killed in metallurgy and mining. In 1639» Ne- 

882 US — 


* Mem. de Brux. Vol. IV. 
+ Opera Mineraliz explicata, p. 34. This werk'was written by 
Moſes Stringer M. D. in 1713, and contains a complete hiſtory of 
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on was iſſued prohibiting the importation cf braſs wire 
and about the year 1650, one Demptrivs, a German, ſet up 
2 braſs work in Surrey, at the expence of fix thouſand 
pounds. +, and above eight thouſand men are faid to have 
been employed in the braſs manufaRories, which were ef- 
tabliſhed in Nottinghamſhire, and near London, yet Sir Ian 
Pettus, in his account of royal mines, publiſhed in 1670, 
obſerves that theſe braſs works were then decayed, and 
the art of making braſs almoſt gone with the artiſts f. But 
though the art was then a/moff gone, yet it was never, after 
its fixſt eſtabliſhment, altogether loſt; for about the year 
3908, we find that there were braſs manufacturers in Eng- 


land, and that they preſented a memorial to the Houſe of 


pliance with the purport of this memorial, an a& of parli- 
ament was paſſed in the ſame year, by which the former du- 
ries payable on the exportation of copper of the produce of 
Great Britain, and of 5rafs wire, were taken off, and theſe 
artides were allowed to be exported free of duty. In 1720 
it was- remarked that this nation could fupply irſelf with cop- 
per and braſs of its own produce ſufficient for all occaſions, 
if ſuch duties were laid on foreign copper and braſs, as 

ed An 


nnn 
+ Effays on Metal. Words —Braſa. 
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courage the ſale of our own metals . At preſene the bras 
manufactory is eſtabliſhed amongſt us in a very extent; 
ve are ſo far from being obliged to have r: © to any of 
our neighbours for this commodity, that we aanpally export 
large quantities of manufactured brafs to Flanders (it was 
formerly called Flanders metal) France, Germany, Portugal, 
Spain, Ruſſia, Africa, and moſt other parts of the world. 
In 1783, a bill was paſſed by the Houſe of commons for re- 
pealing certain ſtatutes prohibiting the exportation of braſs. 
Ia the reign of Edward III. the exportation of iron, either 
made at home or brought into England, had been prohibited 
upon the pain of forfeiting double the value of the quantity 
exported +... And in the reigns of Henry VIII. and Edward 
VI. ſeveral acts of parliament had been paſſed, prohibiting 
the exportation of braſs, r, latten, bell- metal, pan-metal, 
gua- metal, ſhrof-metal, under the ſame penalty, "The gene- 
ral reaſon for palling theſs as certainly does not ap y to the 
. for the. reaſee 

was thi, —left th=re Bald nox be mz cxony kn u. the 
kingdom fit for making of guns and other engines of war, nor 
for honſhold utenſils, The forementioned acts of Parliament 
D by tp PLA hs Goh your of 
William and Mary, by which it was rendered lawful to 

part, after the 25th of March, 1694, all manner of * 
copper, or mundick metal; but the prohibition of the other 
metals was continued. The braſs-makers in 1783 applied 
for the ſame liberty, which had been granted to the jron and 
copper ſmelters, a liberty of exporting the crude commodity ; 

* ** 


* State of the Capper and Braks Manufattures, by W. Wood.— 
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bill which had paſſed the Houſe of Commons, was thrown 
out by the Lords, The Birmingham manufacturers pre- 
ſented a petition to the houſe of commons againſt the bill 
which was then in which petition it was repre- 
ſented—that frequent attempts had been made to ereft ma- 
„ e wo ha of ann je amine pres 
of Europe, and that the excellence of ſome of the Birming- 
ham articles depended upon braſs of very different qualities, 
and that, fortunately for this country, there were ſeveral 
ſorts of braſs that were peculiarly adapted to the different 
branches of their manufactures; ſo that the fort which was 
ſuitable for one article, was improper for another: and tha: 
they bad reaſon to believe, that the manner of adapting the 
various forts of Engliſh braſs to different articles in their ma- 
nufactures, was not known to foreigners; but that if free 
liberty was given to export braſs, every maker might be in- 
duced to diſcoyer the peculiar uſes of his ſort, and that very 
difagreeable conſequences to their manufactures might there- 
by be produced. The petitioners alſo repreſented—that 
braſs-makers, in different provinces of this kingdom, had not 
ſucceeded in making the ſorts of braſs made in other pro- 
vinces; and that one great company of braſs-makers had 
not ſucceeded in making braſs ſuitable for the Birmingham 
market, though they had profeſſed an earneſt deſire to do fo. 
And they humbly apprehended, that there never had been 
ſuch a quantity of braſs exported as to render it a national 
| object, and that there was not a probability of any ſuch quan- 
| tity being exported, though ſo much might be as to raiſe 
2 ruinous competition to their manufactures, &c. 

The braſs-makers, it may be faid, ſuffer an injury in being 
prohibited from exporting a - commodity by which they 
might be gainers, merely leſt the great braſs manufacturers 
ſhould loſe ſomewhat of their profit, by having a leſs exten- 
proper ſtate of the caſe ; it is 
not for the fake of the great braſs manufacturers, that the 
prohibition of exporting braſs is continued, nor is there any 

want 
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ant of that metal in the kingdom ; but leſt foreigners ſhould 
rival us in a trade which, in affording employment to many 
thouſands of is of the greateſt conſequence to the 
kingdom in general. The proprietors of Fuller: Earth 
have been prohibited from exporting that material, not 
out of any partial regard of the legiſlature for the great” 
. but leſt the number of perſons em- 
ployed in that manufacture ſhould be much leſſened, if fo- 
reigners were fopplied with an article ſo effentially neceſſary 
to its perfection, as fuller's earth is found to be; and though 
other nations have fuller”s earth, yet that which is met with 
in England is reckoned to be fitter for the woollen manu- 
factory, than any other which has yet been found in any 
part of the world. This obſervation may be applied to the 
quantities of good braſs 


liſh ; but the Englifh braſs is more adapted to the Birming- 
ham manufaftories, than any other ſort is; and hence 
in France, Portugal, Ruſſia, and Germany, our umma- 


guly of che ſame kingdom, it may, ah - 
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expedient to continue the acts prohibiting the exportation 
of unwrought braſs, though the reaſons which induced the 
legiſlature to paſs them, have long ſince ceaſed to exiſt. I 
do not enter into the inquiry, when the cuſtom bonſe officers 
began to make a diſtinction between wrought and unwrought 
braſs, fo as to admit the farmer to an entry for exportation, 
and not the latter ; but I apprehend it was in the year 1921, 
when various goods and merchandizes of the product or 
manufactures of Great Britain were allowed, by act of par- 
lament, to be exported. free of duty: lapis calaminar is, lead, 
and ſeveral other articles. are enumerated in the act, on 
which the duty. was to be continued ; but in this caumera- 
tion, there is no mention made of »awrought braſs, though 
it may properly be conſidered as a merchandize of the 
product of Great Britain ; but the quantity of brafs which 
was then made in the kingdom was ſo ſmall, that it did not, 
probably, enter into the contemplation of the legiſlature to 
forbid an exportation, which did not ſeem likely ever to 
take place. Braſs is made in various parts of Great Britgio 3 
het the Briſtal, Macclesfield, and Warrington companics 
are the only ones, I believe, which go through all the pro- 
ceſſes of ſmelting the copper from its ore, of preparing the 
calamine, and of uniting it with copper for the making of 
braſs. "The trade of has within theſe few 
months been much deranged throughout the nation, by an 
agreement which has been entered into by ſome of the prin- 
cipal copper companies, to the excluſion of others, to buy 
up all the copper of the mines now at work inthe kingdom. 


The effe&t of this plan is not yet generally either felt or 


The following eſſaꝝ was written ſeveral years ago z it is now 
| printed, wich little alteration, from a copy which I tranſmitted 
in 1983, to The Literary, and, Philoſophical Society at Manchefter, 
23s a ſmall Tribute of Gratitude for the unſolicited and unenpected 
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* 28 08 
Or Orichalcwn. 


Wes have «proof, from the wiitings of Css, that 
the Romans, in his time, underſtood by the term Ori- 
chalcum, a metallic fubſtance reſembling gold in colour, 
but very inferior to it in value. He puts the following caſe. 
— Whether, if a perſon ſhoald offer a piece of gold to 
fale, thinking that he was only diſpoſing of a piece of Ori- 
chalcum, an honeſt man ought to inform him that it was 
really gold, or might fairly buy for a penny what was worth 
a thouſand times as much*.”” It is not contended, that the 
argument, in this place, required any great accuracy in aſcer- 
taining the relative values of gold and orichalcum ; yet we 
may reaſonably conclude from it, that orichalcum might by 
an ignorant perſon be miſtaken for gold, and, that it was 
but of ſmall eſtimation when with it. 

Fulius Caſar robbed the capitol of three thouſand pound 
weight of gold, and ſubſtituted as much gilded copper 
in its ſtead +; in this fpecies of ſacrilege, he was fol- 
lowed by Fitellius, who deſpolled the temples of their 
gifts and ornaments, replacing the gold and filver by tin 
and orichalcum . From this circumſtance alſo, we may 
collect, that the Roman orichalcum reſembled gold in co- 
lour, though it was far inferior to it in value. 

It is probable, that the orichalcum here ſpoken of, was 
a metallic fubſtance greatly analogous to our braſs, if not 
wholly the fame with it. The value of our braſs is much 
leſs than that of gold, and the reſemblance of braſs to gold 

| | in 


# Cicer. de Off. L. II. + Suet. in Jul. Cf. C. LIV. 
t 14. in Vitel. C. VI. 
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in colour, is obvious at firſt ſight. Both braſs and gold, 


Fanaget grabs $2 ng was oafring ares ers 
making of braſs was known in the moſt 
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increaſed, both in bulk and in weight,” when it is made 
into, braſs by being fluxed in .conjuttion. with calamzne. 


2 
cus, a grammarian of conſiderable note in the time of As- 
gialus. In this abridgement, he . defines cadmia, to be an 
earth which ia thrown upon copper, in order to change it 
into orichalcum The age in which Fefus flouriſhed is 
not aſcertained: he was unqueſtionably poſterior to Martial, 
Emperprs. But leaving that point to be ſettled by the 
critics, if he expreſſed. himſelf in the words of the author, 
- whoſe | ; we have. from him a- deciſive 
proof, the cadmias was conſidered: as a ſpecies of earth, 
and that the Romans uſed it for the converting of copper 
into a metallic — 1 1 ori- 


| Ts ee to thi abe tins | 
_ underſtand by the cadmia of Pliny, not.calamine, but na- 
tire arſenic. They ſeem to have been led into this opinion, 
from obſerving that Pliny ſays, /apic eroſus was called cad- 
_ mia. For, that by /apis æreſus, Pliny under- 
ſtood a kind of ſtone which cauſed ulcers and eroſions in 
1 ets. wm EY EFRON ans 
- 9 


„Cadmia- Tetra quz in æs conjicitur, ut fiat orichalcum. Fel. 
de Ver. Seq. 
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knowing that arſenic produced ſuch an effect, they have 
concluded that cadmia was native arſenic ®. This probably, 


is 2 — — een the word, 


does not give — — to copper. 
And laſtly, Pliny + in another place exprefsly ſays, that the 
ſtone from which braſs (es) was made was called cadmia ; 
now it is * make either braſs or copper from 
arſenic. 


Anireſe, bilbop of Milan in the fourth century, 


dour of gold, and the hardneſs of copper, and 
ning matic gory her. wee manner 


— * - = - = nous Guptongom que Pline e youls debgner par 


had been cgi, this criticiſm might have been admitted. 
J * Hiſt, Nat. L. XXIV. 10. 
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mended by Pliny as uſeful in diſorders of the eyes j, 
it is ſtill with us, under the more common 5 : 


Re TS a ACS. 
luded to by Ambra, and by thoſe who ſerm to have 
borrowed, with ſome inaccuracy of exprefion, his de- 
ſcription of the manner of making orichalcum. 

What we call braſs, was ancieatly. in the French lan- 
guage called archel,, and braſs wire is ſtill not nnfrequently 
denominated d archa/. Now if we can infer from the 
analogy of languages, that archa/ is a corruption of auri- 
chalcum, we may reaſonably conjecture, that our braſs, 


mans bnew the methed of making braſs, by melting * 
calamine and copper; yet the invention was * deriv- 
ed to them from ſome other country. 


_ We meet with two paſſages, one in Arifotle, the. other 
in Strabo, from which we may collect, that braſs was made 
in Ale, much after the ſame manger, in which it appears to 
have been made at Rome. 

Strabo informs us, that in deb of Hedfon:. 0 4. 
ty of Phrygia, a wonderful kind of ſtone was met with, - 


with a certain earth, dropped out a filver-looking metal, 


q Aurichalcum diam, quod et ſplendorem auri, et duritiam 
æris poſſideat, eee eee 
perducitur ad aureum colorem. Ifid Orig. 

4 Hiſt, Nat. L. XXXIV.C.Xx. 
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are of zinc. Black jack, may, in a common way of ſpeak- 
ing, de called a ſtone. It abounds. in iron; and, when 
calcined, looks like an rom earth: it yields zinc by diſtil- 
lation, ſometimes mixed with ſilver and lead; and both 
the metallic ſubſtance which may be extracted from black 
jack, and the fablimate which ariſes from it, whilſt it 
ſmelted, will, when mixed with copper, make braſs. 
Ide Moſyneci inhabited a country not fat from the Bar- 


an earth, is what is done, ben brifs is made, by uniting 
copper with calamine, which is often called; and, indeed, 
has the external appearance of, an earth: and that Ae 


with a certain quantity of à particular fort of calamine, for 
there are yery varivus ſorts of it, its ordinary yellow co- 
lour is changed into a white. Cicero, We have ſeen, fup- 
poſes that orichalcum might have been miſtaken for gold, 


and as fach, i mult hve hegn, mllewy yer” Fug appics 


rhe rann enn 

ip Sine nc eee ee ee cer. 

32 * ee eee, 
= Tad on . a 


T Alis. de Mirab, Op- Tom. II. p. 724. 
1 Hi. Nat. L. XXV. c. l. 
$ Virg. Xi. L. XII. 87. 
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Anna alſo ſpeaks aks of having 


— 


of common 


. | — I remember right, of gold 
aud ul or af copper and ſteel. He: afterwards added 
2 the colour of the ink differs) © Calmbac is 


flux it, to form it into veſſels oſ various kinds, and to -gild 
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of it, &c. Gold is act enen e eee: 
I believe, there is ſteel mixed with the gold and copper. 
He ſeems to be in doubt about 1 dut very 
poſitive as to its beauty and high > ("8 

The. ſuppoſition of braſs having been anciently made in 
Fadia, ſeems to be rendered improbable by both Pliny and 
$:rabo, Pliny. enpteſaly ſaying, that the Indians had no 
copper . and without copper we are. certain thay braſs c 


not be made; and Strabo repreſenting them as ſo ignorant 


of Hing inerals$, that, according. to „bim, if 
an the materials, they, auld, not 
have had the ability to uſe them for the compoſing. of braſs. 


But theſe writers, it is apprehended, knew very title. of 
Tadia. Strabo, in particular, laments- his want. of materti- 


compoſe a conſiſtent account of India 2 and few 2 


not | — were not deſtitute of copper, but 
— metallurgiſts, ſince they knew how, to 


it. Perhaps, this Indian copper, of which the veſſels were 
made, itiftead"of being gilt, only ceſtimbled gold in colour, 
and was really u fort of braſs. It is granted thas this is but 
a conjecture, but it is not devoid. of probability à for, not to 
mention that the author, whocver he was, from--whom 
Strabo extracted this account, might, in a public exhibition, 
have eaſily miſtaken poliſhed braſs ſor gilt copper, nor the 


: £4141 7 4.4 A. ny 98. | N "ow 
n „nn D off 
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veſſels as were in conſtant uſe, would be gilded in any coun- 
try, we have reaſon to believe, from what has been ob- 
ſerved before, that a peculiar kind of veſſels; probably 
reſembling ſome of thoſe exhibited in the Indian feſtivals, 
had been long in uſe in Perfa, and that they were made of 
Indian copper without any gilding. - We know that there is 
found in India; not only copper ſtrictly fo called, but zinc alſo, 
which reſemble gold in colour. Ou the whole, it appears 
prodable to me, that braſr mant made in the moſt remote ages 
in India, and in other parts of Af, of copper and calamine, 
as it is at preſent. If the celt be allowed to be a Brityh 
inftriment; then may we be certain, from what was ob- 
ſerved conterming it in the laſt Eſſay, that our anceſtors 
knew the method of mixing together calamine and copper; 
for-though-\'tt and copper when melted together, in certain 
proportions; will give 2 bluiſh green flame, yet that flame 
is tlot'a witlr thick” white ſmoak, and there are 
— —— — * to be 
ſeen GOgs £4 97 $44.31 
Wu reſpect to n — n ſuppoſed. 
that there were two ſorts of it, one faftitious, the other 
natural the faticious, whether we conſider its qualities or 
As to the ura orichdlcam; there is no impoſſibility in 
wu an dt int, or of ſome other metallic fabſtance, 
metal of a pater hue than copper, and reſembling the co- 
lour of "etherpold or filver.” In Dy Halde biſtory of 
Che, % meet with the following account of the Chineſe 
white copper. The moſt -eftraordinary copper is called 
Ping, of White copper? It is white when dug out of the 
mite, and fill more white within than without. It ap- 
privy. by. 1 made at 3 
17 Hh2 CF 
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that its colour is owing to no mixture; on the contrary all 
mixtures diminiſh its beauty for, when it is rightly man- 
aged, it looks exactly like filver, and were there not 2 ne- 
ceſſiy of mixing a little tutenag, or ſome ſuch metal with it, 
to ſoften it, and prevent its brittleneſs, it would be fo much 
the more extraordinary, as this fort of copper is, per- 
haps, to de met with no Where but in China, and that 
only in the province of Tuna. Notwithſtanding 
what is here ſaid, of the colour of this copper being o- 
ing to no mixture, it is certain, that the Chineſe white 
copper, as brought to us, is a mixt metal; ſo that the 
ore, from which it is extracted, muſt conſiſt of various 
metallic ſubſtances, and from ſome ſuch ore it is poſſible 
chalcum cannot be ſheun to be impoſſible, yet there is 
ſome reaſon to doubt, whether it ever had à real exiſt- 
ence or not: for I pay not much attention to what father 
ico and the ſtraits of Darien, becauſe no other author 
has — — 2 — Tins 
in mineralogy we may rely . 
r 
nor was it any where found in the age of Pi; nor does 
he ſeem to have known the country where it ever bad been 
out of the earth; but it is remarkable, that in the” very 
celebrated for the production of different kinds of copper, 
he only ſays, in general, concerning orichalcum, that it 
had been found in other countries, without ſpecifying; any 
particular country. Plato acknowledges, that orichalcum 
was a thing only talked of even in his time; it was no 
ꝶ6— eden nnn 
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tit it ha been formerly extracted from its mine. The Greeks 
were in poſſeſſion of a metallic ſubſtance, called orichalcum, 
before the foundation of Nom; for it is mentioned by 
Homer and by Heſod, and by both of them in ſuch a manner 
as ſhews, that it was then held in great eſteem. Other 
of commendation ; and it is principally from the circum- 
ſtance of the high reputed value of orichalcum, that au- 
thors are induced to ſuppoſe the ancient orichalcum to have 
been a natural ſabſtance, and very different from the facti- 


tious one in uſe at Rome, and, probably, in Aſia, and 
IP ir hay ber Hown,/ woe nothing Gileens From our 


| — . property. confidered, : docs 
not appear to be of weight ſufficient to eſtabliſh the point. 
Whenever the method of making braſs was firſt found out, 
it is certain that it maſt have been for ſome time, perhaps 
for ſome ages, a very ſcarce commodity ; and this ſcarcity, 
added to its real excellence as a metallic muſt 
have rendered it very valuable, and intitled it to the greateſt 
enc omums. Diodorvs Siculus ſpeaks of à people, who 
willingly bartered their gold for an equal weight of iron os 
copper * ;. and the Europeans have long carried on a fimilar 
kind of commerce with various nations. Gold, in ſome 
views, is juſtly eſteemed the moſt valuable of metals ; in 
other; and thoſe the moſt important to the well-being of 
human kind, it is far inferior to iron, or copper, or braſs. 
An individual, whoſe life depended upon the iſſue of a 
ſingle combat, to be decided by the ſword, would have no 
heſitation in preferring a ſword of ſteel to one of gold ; and 
an army, which ſhould be poſſeſſed of golden armour, 
would not ſcruple to exchange it, in the day of battle, for 
the iron accoutrements of their enemies. The preference 
9 — 
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valuable, as an inftrument of the ſame kind made df iron 
or braſs. Hence, there is no manner of abſurdity in ſup- 
ancients, might have been prized at the: grrateſt rate, 
though it had been poſſeſſed of no other properties, than 
fuch as to braſs. "When" iron was either not at 
all known, or not common in the world, and copper inſtru- 
n - on 
and preferable to copper, on account of its ſuperior 


that 
- fu- 
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with reſpeR to orichalcum. Men have been ever much the 
ſame in all ages, or, if any general ſuperiority in under- 
Nanding is to be allowed, it may ſegm to be more properly 
aſcribed to thoſe who live in the manhood or old age of the 
world, than to thoſe wha exiſted in its infancy or childhood: 
eſpecially as the means of acquiring and icati 


diffaſed than it could 


| known: ze the aocicnts, at leaſt three thoulgnd years ago. Nat. 
Hi by Buffan, Vol, IX: p. 27. | 4% 


yet made public. Mem, of Agricul. Vol. III. p. 459- 


copper mines, in every part of the world, being found in 
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brought from Aſia, but reſembling them in ſo many other, 
that they have acquired. their names. Samething of this 
kind may have been the caſe with reſpect to orichalcum, 
and the moſt ancient Greeks may have known no more of 
the manner in which it was made; than we do of that in 
which the Chineſe” prepare their white copper : they may 
have had too an imitation of the original, and their authors 
ans, So. miſtaken the one for the other, and thus 


RT OD 92 ncqniaty.1 and confukon into their acr 


'Thers isas kule agreement amongſt the learned: concerts 
ing the etymology of orichalcum, as concerning its origin. 
'Fhoſe who. write it aurichalcum, ſuppoſe that it is an hy- 
bridous word, compoſed of a Greek term ſignifying copper, 


and a Latin one ſignifying gold. The moſt general opinion 
is, that it ought, to be written orichalcum, and that it is 


compounded of two Greek words, one ſignifying copper, 


and the other a mountain, and that we rightly render it 
by, Mountain Copper. I have always looked upon this as 
a very forced derivation, | inaſmuch as we do not thereby 
diſtinguiſh orichalcum from any other kind of copper ; moſt 


mountainous countries. If it ſhould be thought, that ſome 
one particular mountain, either in Greece or Aſia, formerly 
produced an ore, which being ſmelted, yielded a copper of 
the colour of gold, and that this copper was called orickal- 


at, that neither the poets nar: the, — of antiquiry 
have beſtowed a ſingle line in its commendation ; for as to 


the Atlantis of Plato, before mentioned, no one, it is con- 


ceived, will build an argument for the exiſtence of natural 
orichalcum, on fach an uncertajn foundation : and, if there 
had been any ſuch mountain, it is probable, that the copper 
it produced would have. retained its. name, juſt as at this 
time of K and 
ꝶ6 BA 3 
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Some men are fond of etymological inquiries, and to 
them I would ſuggeſt a very different derivation of orichal- 
cum. The Hebrew word or, aur, ſignifies light, fire, 
ane the Latin terms ars to burn, and aurum gold, are 
derived from it, inaſmuch as gold reſembles the colour of 
flame, y. that orĩchaleum 
may be compoſed of an Hebrew, and a Greek term, and 
that it is rightly rendered fame-coloured copper. In confire 
mation of this it may be obſerved,” that the Latin epithet 
lucidum, and the Greek one Parr, are both applied to 
orichalcum by the ancients ; but 1 be underſtood to 
are much better ſkilled than I am in etymological tearn- 


.:Þ 8-8 A V XXXI. 
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into which copper enters as the principal ingredient; the | 
„ r pceentarand ant:-anc 


Queen-Elizabeth, that the left 
more braſs ordnance at her death, than ſhe found of iron 
an her-atcefſion to the throne. This muſt not be under- 
ſtood, as if gun · metal was in her time made chiefly of braſs; 
for che term braſs, was ſometimes uſed to denote copper, 
and ſometimes a compoſition of iron, copper, and calamine, 
wat called braſs, and we at this day commonly ſpeak of 
braſs cannon, though braſs does not enter into the compo- 


"ſion uſed for the caſting of cannon. Aldrovandus* in- 
' forms 


# Aldrov. p. 10$, 


put a third of its weight of old copper, whi 
long in uſe; to every hundred pounds weight of 


ture, they added twelve pounds 


CHEMICAL ESSAYS 4 


part of the ordnance of the beſiegers, was melted by the 
frequency of the firing; the mixture of which it was 
made, contained a large portion of lead, and it would have 
been leſs prone to melt, and conſequently preferable had it 
contained none. 

Woolwich, I believe, is the ogly place in England, where 
there is a foundery for the calling of braſs cannon. The 
metallic compoſition there uſed, conſiſts of copper and fin. 
The proportion, in which theſe two metals are combined, 
is not always the fame, becauſe the copper is not always of 
equal purity, and the fineſt copper requires the .moſt tin; 
they ſeldom uſe more than 12, or leſs than 8 parts of tin 
to every 100 of copper. This metallic mixture is fold, 
before caſting, for 75Z. 2 ton, and Government pays for 
caſting it 60. a ton. The guns of the Eaff India Compa- 
ny are leſs ornamented than thoſe of Government, on that 
and other accounts they are caſt for 40%. 4 ton. I have 
here put down. the weights of the braſs ordnance, now 
DD | 
n Mo 

* . *. 
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of che monlde would I fo mach of it hae a 9. Js be- 
fore it ought to do. 

'Bell-metal conſiſts alſo of tin and, copper. Authors do 
not agree in the proportions: ſome ordering 1 part of tin to 
be melted with 4 parts of copper *; others making the pro- 
portion for bell-metal to be the ſame as that for gun-cieral, 
or 1 part of tin to about 10 parts of copper, to which they 
order a little braſs to be added 4. It may in general be ob- 
ſerved, that a leſs proportion of tin is uſed for making church 
delle than clock belt, and that they add a little zinc for the 
bells of repeating watches, and other finall bells. This zinc 
tones manta ee the blue flame 
which it exhibits. 

There is a very remarkable l 
Glauber z Make,” lays he, i rwq balls of copper 


Tr; 4» % 


eure adelted lntd the mbald of th2 Erft bale, and there will 
not come forth four, dead the 


e to two 
mixture will in ſome inſtances be g , and in other” 
where the Bulk of the mixture is fo much leſs than the 
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more brittle, more 


weighing, not only more that a cubic foot of tis — 
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Cominental currency, it was equal to 7440 ounces : this ex- 
ceeds the weight of a cubic foot of our beſt ſort of pewter, 
and falls ſhort of that of our worſt ; I conjefture that the 
metal of the continental currency conſiſted of 12 parts of 
tin and of 1 oft dead. Plautus , and the other Roman 
authors. make mention of leaden money; ſome are of opi- 
nion that we ought to underſtand by that expreſſion, copper 
mixed with lead; but that cannot be the meaning, if it he true, 
that the Romans did not mix lead with their copper currency 
All the age of Septimius Severus, for Plautus lived many 
Peas before that emperor. I will not enter into the contro- 
verſy, and I have introduced this obſervation relative to the 
rr the carre{- 
to-eur eee g, for thoſe which were ſtruck after the age 
off Seim Severus, being expoſed to a proper degret of 
_ hear, ſweat out drops of lead, as it has been remarked aur 
Potmetal does: but medals of greater antiquity have ao 
_Sich'property g c nun 
eee en enges or other-t0 
_ enable them to ſet pF their dreſs to the beſt advantage; and 
che men. baby never without their attention to that 
1 — — Ole for 


a es Cm Plan, 
1 wn L. Xt. ef c A. il. a IN. I. XL. et Matt. 
L. X. E. AV. 

2 b 

Steam ante Shptimium Severum cuſam igne probent nihil plumbi 
ine ſecerni deprehendunt. Aliter autem comparata ſunt numiſ- 
mata poſt atem Severi cuſa, quippe ex quibus guttulæ quzdam 
plumbi, vel modico ignis calore di verſis in locis exprimuntur. 
r 3 


. probably cof. 
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- Homer, in g Fur at her toilet e, makes no men- 
— — 
ſuited not the majeſty of Juno, nor the wiſlom of Pallas, to 
uſe a ſpeculum before they exhibited their perſons to Paris, 
o was to determine the prize of beauty ; that Venus, on the 
fame occaſion, had frequent recourſe to one, before ſhe could 
account we have of the: aſe of Peta, is that in Exedur 
(wii. 8.) And he made the laver of braſs Ccopper, | 
or a mixture of copper and tin} and dhe foot of it of braſs 
may wonder howa veſſel of braſs could be made outet 
looking g/afesr, the Hebrew word might properly be ren- 
dered by fpecula; or metallic mirvers. The Jewiſh women 
were, probably, preſented with theſe: mixrors, as they were: 
with other articles of value by their Egyptian — 
when they left the country ;; for ir Was the cuſtom of 
Egyptians, when they: went to their temples, to n 
mirror in their left hand H: it is remarkable, Mat ce Fa- 
vians, who had fo many-cuſtonis in ci, with ghe N- 
tians, were very fond. alſo of nenne 
rily formed of a ſunt of laua that bore a fine paliſn. 5 202 
at Brundiſium of copper and tin ; that Pruitelet, in the. 
time of Pompey the Great, was the fit who made one of 
ſilver, but that filver ones were in his time. become 40 com- 
mon, that they were uſed even by the maid-ſervants. The. 
the age of Play: it is.mendigned by Ariſtotle 4, .inciden- 
tally, when he is deſcribing a method of rendering copper 
white, but not by tin ; and — utility, it will 
tx na | 
* —_ into diſuſe. pat Lo N — 
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ſince the introduction of g to uſe it in the way 
the e BT die e 
ſince the ſpecula of reflefting teleſcopes are commonly made 
of it. Mr. Mudye has aſcertained o, not only the beſt pro- 
portion in which the copper and tin ſhould be mixed toge· 
„„ AR Sa 
without pores. "He obſerves, that the 
metal; of which the ſpeculum ſhould be made, nfs —＋ 
its  hakdoeſs, whiteneſs, and compattneſs. When the 
of tin is a third of the whole compoſition, the 
metal has its utmoſt whiteneſs ; bur it is at the ſame 
= eder io hard that it cannot be poliſhed without 


Jof grain-n , and two pounds of copper made 
the beſt poſition ; an addition of half an ounce more 
the compoſition too hard to be properly poliſhed. 
The Ye wand & hoe indy be comple and 
without pores, is 4 matter of the greateſt conſequence ; he 
hit upon the manner of doing it by accident. His uſual way 
of caſti z ſpeculum metal, was to melt the copper and to 
add the tm” to the melted copper; the maſs when caſt was 
ſeldom free from pores. After having uſed all his copper 
in trying experiments to remedy this defect, he recollected 
of the bells of St. Andrew had been re-caſt : he added a 
R it turned 
Yor. i; A IH | aut 
of - 35 N nns 
n e 
. — r.... 
than mine ting. becauſe it is ſmelted from a pure mineral by a char- 
coal fire whereas ine tin is uſually corrupted with fome portion 
of mundick, and athet minerals, and is always ſmelted with a bitu- 
minous fire, which communicates a harlh, ſulphureous, injurious 
quality ta the metal“ Pryce, Min. Cornu p. 137.—Mr. Mudge 
probably uſed what is called graiz tis in the ſhops, or the pureſt 
fort, which is ufually ſold in pieces like icicles. 
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| as fige a met}. as he 
bon _—__— 7 wb he pro- 
. 
tin to melted copper, this maſs was. porous, it was in 4 
ſtate of Ls as 
Comps had done, 22 | 


— to mele the copper, the un une lablga, e 
——— — 3 
diſpoſed to think, that the abſence of the pores i 2 
c rr 
obſerved at Sheffield, that the ſame weight of melted 
oitWda how mend + goxtrees bs. big g 
ing to the degree of fuſion. the ſteel has been in 
—_— Dy IEA ri oy 
RS. « breaking one of the. bar, wh 
had been. made from ſteel in an imperfect fuſion,” Its. f 
was full of blebs; a ſhorter, bar Te eg 
diameter, Which had been in a thin fuſion, was 8 
texture. Now the mixture of tin and copper melts i 
| fine than coppyn feats gags Kkehy on thay acpoget, to in 

thinner fuſion when it is caſt. 
. 
that 
(rc 2 by one 


three-pence a pound i being < 
— n 


— 
* 2 g * * 


they 
pay 
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far weight and ten ſhillings 
oy hp Sa liling for plat = a . 
br dor mall fies, Ke. The cat. ſteel will, got bear more 
thin 2 red bent, in x wel ding beat it runs away under the 
hanimer like fand. Before che art of caſting ſteel was in- 
 troduced at Sheffield, all the caſt ſteel uſed in the kingdom 


for their manufactures 

of - broken tools; and theſe its of old Neel they purchaſe 
at a penny a pound and melt them, and on that account they 
— al- 
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Urnen Ir des ebend, 3 
ing dhe uſe of copper veſſels, in the preparation of food 
and phyſic, are tos common and too well atteſted to require 
a particular enumeration or proof ſcarce a year paſſes, but 
ee ſome of them, eſpecially in foteign countries; 
and many ſüghter maladies, originating from the ſame 
ren, ene 
, 
aus —— from the cen: 
of Health, the uſe of copper veſſels in the fleets and armies 
of Sidi was aboliſhed in che yeat 1754 5 and tinned iron 
. The Swe- 
d ww" 14 '2 
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dhock-tin from England; though, be fays, block tin is a 
compound body, even 3s it is imported from England; but 
he thinks it a much ſafer covering for copper than 
ordinarily uſed by the braziers ; and he gives ſome directi- 
ons as to the manner of performing the operation. The 
Lieutenant - General of the Police in Paris, gave it in com- 
miſſion. to the College of Pharmacy, in 1781, to make 
all the experiments which might be neceſſary” for deter- 
 mining—ywhether pure tin might or might not be uſed for 
domeſtic: purpoſes, without danger to health? The re- 
ſearches which were made, in conſequence of this com- 
A 
they have greatly contributed to leſſen the apprehenſions 
relative to the uſe af tin, which had been generally 
excited by the experiments of Marggraf, publiſhed 
firſt in the Berlin Memoirs for 1747. That gentleman, 
in purſuing an experiment of Hence, who firſt diſcovered 
arſenic in tin, that though there was a- fort of 
tin, which being fluxed from an ore of a particular kind, 
contained no arſenic, the Za dia tin, which is gene- 
rally eſteemed the pureſt of all others, contained a great 
deal of arſenic. M. Bed Antic in his works, which 
were publiſhed at Paris, 1980, ſets aſide the authority of 
 Marggraf,, Cramer, and Hellet, relative to the exiſtence” 
of arſenic in tin; and is not only of opinion, that the 
Cern tis does not conceal any arſenic in its ſubſtance, 
but that. its uſe as kitchen furniture is not dangerous. Meſ- 
_fieurs Charland and Bayen found that neither E India, 
nor the purefh fort of Angi tin, contained any arienic ; 
but that 'the Engliſh tin, uſually met with in commerce, 
did contain arſenic ; though in ſo ſmall a proportion that 
it did not amount, in that ſpecies of tin which contained 
che maſt of it, fo more than one grain in an ounce 3 that 
is, it did not conſtitute more than one five-hundredth and 
. n 
* * 5 
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that it is ſeldom found without it; it is often, al mined 
with a ſulphureous pyrites, which is a ſort of jron ore, 
and wich black jack, which is aw ore of zinc; © that lead, 
and þ/ver, and iron, and zinc, are commonly enough, to 
be met with in the ſame * of lead ore. Nm ore, in 
like manner, though it is \ ſometimes "unmized, is often 
_ otherwiſe; it frequently contains. both tin, and iron, ard 
copper. The fixe with which tin ore is fmeltedy/is ſuffici- 


ently ſtrong to ſmelt the ores of the other metals 


without any fraudulent proceeding in the tin ſineltd#, "there 
may be a vaciety in the purity of tin, which is expoſed to 
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ſale in the ſame country; and this variety is till more likely 
to take place, in ſpecimens of tin from different countries, 
as from the Ea Indies, from England, and from Germs- 
ny. This natural variety in the purity of tin, though ſuf- 
ficiently diſcernible, is far leſs than that which is frauds. 
lently introduced. Tin is above five times us Year as lead; 
and as a mixture conſiſting of a large portion of tin with 
a ſmall one of lead, cannot eaſily be | | 
maſs of pure tin; the temptation to adulterate tin 
and the fear of detection finall.” In Cornwall, 
of tin is aſcertained, before it is expoſed to Tale, 
1 the tin, when ſmelted from 


Eg weight of metal, which, 
C SE OT 
doings on nur nl 


e of 
der corners of che block, partly by cutting 


breaking; and if well purified, they ſtamp 
black with the impreſſion of e Lobel 
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eel: 
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ſtamp is a permiſſion for the owner to ſell, and at. — 
Len as beep purpoſely 
examined, and found -merchantable®.” This rude mode f 


aſſay, is not wholly improper, for if the tin be mixed wi 

lead, the lead will by its ſuperior weight fink to the bottom, 
and thus be liable to be diſcovered, when the bottom cor- 
ney of the block is examined. © But though” the feal of the 
hone borders oben be me ti 
yt ds e | 
chaſe our tin from Holland” for, if 
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eration of Enghſh tin may: be the. reaſon that Malte ber- 
broeeh, who was many years Profeſſor of Natural Philoſophy 
at Utrezch, puts the ſpeciſic gravity of what he calls pure 
tin equal to-7320, bot that of Eogliſh tin, and he bas been 
followed by Wellerius, equal to 1471* ; for it will appear 
preſently, that ſuch fort of tin muſt have contained near 


eſtimating the ſpecific gra- 
fort, but rather a mixture 
of that with lead, or ſome other metal. - #2 

A block of tin, when it is heated dll it is near melting, 
or after being melted, and before it becomes quite fixed, is 
fo brittle that it may be ſhattered into à great many long 
pieces like icicles, by a ſmart blow of an hammer +: tin in 
this form is called by our own manufacturers grain tin, by 
foreigners virgin tin, of tears of tin: and they tell us, that 


by 


- * Muſſchen, ES. de Pliyf. 1739. French Tranſ. Wallerii Min. 
Vol. L pi x54. "There is a very good Table of Specific Gravi- 
ties, publiſhed in the ſecond volume of Muſſchenbroek's Hntroduc- 
more juſtice to agi tin, puning he weight of a cubic foot of 
the pareff fort to 7295 avoir. oun. One ſpecimen of the 
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death . The tin, which I uſed" in the following experi- 
ments, was of this ſort, but I firſt mened it, and levieevol 
_ Fradually; a circumſtance, I ſuſpect, of fome conſequence 
in determining the ſpecifie gravity not only of tin, but of 
other metals. I have put down in the following table, the 
ſpecific gravity of this tin, and of the lead I mixed-with it 
by fuſion, — CON AGE ne WY 
the water in which they were weighed was 60*: | 

e lead, tin, &c. 
Lead 1 11270 02. avoir. 


Tin 32 parts, lead: 
Tia 16 lead 1 — 
Tin 10 — lead 1 - 
Tia 8 lead 1 - 
[Tin 5 _ - lead = 
Tin 3 — lead 1 — 
Tin 2 - lead x —_ 
Tin 1 — lead = 
Blocks of tin ate often melted by the 
ſmall rods; 1 think the rods are not fo 


tin z at leaſt, I found that a cubic 
examined, weighed 7246 Ounces 3 


1 
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_® Eney Fran. and Mr. Baume calls it Etain en roche 4 cauſe, 
que fa forme reſemble à des ſtalactites ; he ſays alſo, that its ex- 
portation is prohibited, but that he does not fee the reaſon for the 
prohibition, as it is not more pure than Corniſh tin: and in this 
obſervation he 1s right, n 
lar form. L ES SEE Thad 
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however, and other dealers in tin, uſe not ſo accurate a me- 
thod of judging of its purity, but one founded on the fame 
principle ; for the ſpecific gravities of bodies being nothing 
but the weights of equal bulks of them, they caſt a bullet 
of pure tin, and another of the mixture of tin and lead, 
which they want to examine, in the ſame mould; and the more 
the bullet of the mixture exceeds the bullet of pure tin in 
_ "Peter is 2 mixed metal; it conſiſts of tin united to 

ſmall portions of other metallic ſabſtances, ſuch as lead, 

zinc; biſmuth, and the metallic part, commonly called, re- 
guius of antimony- We have three ſorts of pewter in com- : 
mon uſe ; they are diſtinguiſhed by the names of plate — 
trifle — r The plate 'pewter is uſed for plates and 
diſhes ; the trifle ehiefly for pints and quarts; and the ley- 
metal for wine meaſures, &c. Our very beſt fort of pew- 
ter is ſaid a conſiſt of 100 parts of tin, and of 1 of regu- 
lus of antimoay*, though others allow only 10 parts of ahh” 
regulas to 100 of tin ; to this compoſition the French add * 
little copper. Crude antimony, which coaſiſts of nearly 
equal portions of ſulphur and of a metallic ſubſtance, may 
be taken inwardly with great ſafety; but the metallic part, 
or regulus, when ſeparated from the ſulphur, is held to be 
yery poiſonous. Yet plate pewter may be a very innocent 
metal, the tin may leſſen or annihilate the noxious qualities 
of the metallic part of the We have an inſtance 
ſomewhat ſimilar to this in ſtandard filver, the uſe of which 


= - 
"y LS k | : 
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whey uſed for culinary purpoſes; yet it is not altogether fo, 
_ the copper it contains is liable to be corroded by ſaline fub- 
ſtances into virdigris. This is frequently ſeen, when com- 
mon falt is ſuffered to ſtay a few days in filver ſaltcellars, 


. Tant vel 15. 286. f Pemb. Chim. 348, 


= 
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” {i teak de. heatier thas it appears to de; fince _ of 
_ _aatimenyy according to the different ways in w it is 
| © made, igheavier or lighter than pure tin. A very fine filver- 


<F® ... 


. enn E88 A4 L 8 479 
— gold gildiogz- and. even. ſaline draughts, | 


X ne wich volatile falt and juice of. lemons, have been ob- 


7 "ed to. eorrode a:fiver t:a ſpoon, which had been left a 


ek in the mixture. 

"I Ady wight of teadic foo of ech of ths furs of 
Fi, . Plats wu 28 92 x 

=. . , . ? Is . 5 — 724 
* 3 2 EEA 


"Ley: 7963 
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BS TK ob « endia ou of 


I ey oo deroms 


. Our Eagliſh pewterers have at all times made a myſte- 


= of their art, arid their caution was formerly ſo much 


enconraged by the legillature, that an act of parliament was 
ſed, rendering it unlawful for any maſter pewterer to 
or to eniploy a journeyman who was a 


would be able to diſcover the quality, and quantity 
. be metallic ſubſtances, uſed in any particular ſort of 
* r 
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thought it muſt have been always ſoz whilſt tin, the princi- 
pal ingredient, was found in no part v Europe in fo pure 
a ſtate, nor in ſo great plenty as in England. 132 

Borlaſe and Pryce, who have written” ſo minutely on 
the method of preparing the tin in Cornwall,» are both of 
them ſilent, as to any operation — fubſe- | 
qhent to its coinage; n 
age; but aſſure us, that the tin, as it flows 
is laded into troughs, each of which — 
hundred pounds weight of metal, called · labs blocks, or 
pieces of tin, in which fze and form it is ſold in every mar- 
ket in Europe. Foreigners, however, in general aſſert, 
that our tin as exported is à mixed metalz and the French 
 Encyclopedifts in particular (article erain ) inform us, ou the 
authority of Mr. Rowelle, that the virgin tin is again melt- 
ed and caſt into iron moulds of half a foot in thickneſs; 
that the metal is cooled very flowlyz that when cold it is 
in the proportion of 3 pounds of copper to 100 of in; 
that the ſecond layer, being of 4 harſher nature, has 5 
pounds of lead added to an 100 of the tin; and that the 
loweſt layer is mixed with g pounds of lead to an hundred 
of the tin; the whole is then re- melted, and cooled quick - 
ly, and this, they ſay, is the ordinary tin of England; and 
Geoffroy had formerly given much the ſame accoung . 
There is, probably, no other foundation for this report, 


* —— fuſores aperts. furni oſtiolo, metallum in formas quaſ- 
dam ex arena paratas diffluere ſinunt, ibique in maſſas grandiores 
concreſcit, Superior ſtannæ maſſeæ pars adeo mollis eft et flexilis 

ut iola elaborari nequeat ſine cupti miſcela, trium ſcilicet libra- 
e Maſſæ pars media binas tantum 
cupti libras recipit. Infima vero adeo fragilis eſt et intractabilie, 
rr 
9 Geoff. Mat. Med. Vol. I. p. 64. 
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Tine was long ago recommended for the tinning of copper 
veſſels, in preference both to the mixture of tin and lead, 
ad to pure tin * © and zinc certainly has the advantage of 
being harder-thyn fin, and of bearing 2 greater degree of 
| heat before it will be melted from the ſurface of the copper | 
| to that, on both theſe accounts it would, when applied on 
the ſurface of copper, laſt longer than tin, juſt as tin, for 
the ſame reaſons, laſts longer than a mixture of tin and lead. 
Bet Whether zinc makes any part of the compound metal for 
inning copper, ſo as to prevent the neceſſity of repeated tn- 
ning, for which a patent was granted, ſome years ago, is 
whas [ cannor affirm. Whatever may be the excellence, of 
chat compoſition, or of any other compoſition, which may be 
innen with refpedt to its durability, and its not contradt- | 
ing ruſt; Mill it ought not to be admitted Into general uſe, 
till ie has been proved, that it is not foluble in vegetable 
acids, or that its ſolutions are not noxious f. A method 
renne a "el ws MS. - has 
-.» Mem de Þ Acad. des Scien. a Par. MG. 
A. This dende wich reſpeR. to zinc is faid de have been removed. 
AI. 4 Flache, z pbyfician at Paris, tried the experiment 
| eee. dan 
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n 
coat of zinc upom Bamitiered fron + "The ven 
are krſt made very biight; i that tot u ek peck” n e 
ſeen; they are then rubbed with a fu cf fat am 
and afterwards dipped inte an iron por für of tied" anc, 
acid being taken oat, the zinc is found to chver the free = 
of the iron ahh 1 2 Hüter coat of Tit N ae {InP 
de obtained by dipping the veſſel a ſecond ime.” ee en 
of covering is 16 hard, that the vellils 293-5 5 
fand without its rubbed off *.. "Ritelies we, "4 
which are made of caſt iron n 

the jron's ruſting; and, 2 
lately made in caſt iron mallxabie, r 


ly, but that tinned kon veſſels may bei of - 8 
© The common method of tinding, conkits in Taking” IN Vs 
ſurface of the copper veſſel quite bright, by rind - 
by waſhing it with 'a ſalutiog of fat ammaniac: —  _— 
heated, and the tin, ot metallic mixtiice d _ 
ack, and poured ints it, £4 
Se ene var, of vey 8 


e remai 
Rofin or pitch are ſometimes led,” 


8 circumſtances would hinder 
: | : , \ 
© FY 1 <7 7 . Y*4J * 
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cmiolity to eſtimaie_ the g 5 


Aan 133 43 by the vegeable | a 
acids, in a much ſtronget doſe than the aliments Dr» 
per veſſels, lined Side, cots 7 
. effects them. ane 
„ Decem. 1778. 4 * 
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tin was ſpread over 254 ſquare: inches, or ſomewhat les 
than a grain of tin upon each ſquare inch. How innocent 
ſvever pure tin may be, yet the tehuity of the coat of it, 
by - whit copper veſſels are covered, in the ordinary 
way of tinting, cannot fail to excite the ſerious apprehenſions 
of "thoſe wio.coofider it; for” in the experiment which I 
have mentioned; the in was laid on with a thicker coat 
than in the chm way; inftead of 'a grain, I ſuſpect that 
not a quatter of u ruin of tia is ſpread: over a ſquare inch 
in the c ο wiy- of tinning⸗ A diſcovery has been 
lately made ar Pirh of a "of giving to copper or iron 
a coat of any required by tinning them; the com- 
poſition uſe"for the ringing is not mentioned, but it is faid 
that a piece. of copper, which in e common way of tinning 
only abſorde#21 grains ef tin, wblorded of the new com- 
1 434 Frans, or above twenty times as much. 
this diſcovery is generally known, our workmen ſhould 
A GE ———ů——— they art 
_ able of pure tis. The danger from the corrofor or four 
of the tin by vinegar; juice of lethons, or other vegetable 
8 it is apprehended, be ſenſibly 

id very irtitable habits,” or where four broths, 


Keeping the yellels-Ehexn, might reader the uſe of copper 
iſe, forthe boiling of food, ſpecially of animal food, 


* L' Efpritdes Journauz, Mai, 1785. 
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a newly tinned, 
i more dangerous than after it has been uſed; i 


dug up at Hercu- 
laneum, are almoſt all of them made of a compound metal 


with filver but none of them with tin: and hence he con- 
dudes, that the uſeful art of applying tin upon. copper 
was unknown to the Remans ; cet art utile d oppliquer “ 
efain far li cuiure manguoit.aux Romains . By the fame 
mode of arguing, it might be inferred, that whatever is not 
met with in one houſe or town, is not to be found in a whole 
country: yet, ſhould à town-in England, in which there 
happened to. be plenty of tinned, but no. plated ot filvered 
copper, be ſwallowed up by an earthquake, a future anti- 
quary, employed in digging up its ruins, would. make a bad 
concluſion, if he ſhould. thence; infer, that the Engliſh un- 
derſfood, indeed, at that time the art of applying a covering 
of tin, but not one of fler upon copper. If the ingenious 
author had recalleted what is ſaid in the 34th book of 
Flims Natural Hiſtory, he would have ſeen reaſon to be- 
Bere, that the Romans, at leaſt when Pliny wrote that book, 
bd underſtand the method of tinning copper which is now 


* 


voyage d un Francois en Italie, Vol. Vll. p. 120. 


4 


like our bronze, and that many of the vellels. are covered 


equorum mazime ornamentia, &c. Id. ib. 
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in uſe; for this great naturaliſt aſſures us in expreſs terms, 
that tin ſmeared upon copper veſſels, rendered the taſte more 
agreeable, and reſtrained the virulence of the copper ruſt. 
It is to no purpoſe to object, that the tin (ſtannum) of Pliny, 
was a ſubſtance different from our tin z for though it ſhould 
be in ſome meaſure granted, that it was a mixture of lead 
and ſilver, yet the ſame author tells us, in the fame place, 
that white lead {plumbum album J, by which it is univerſally 
allowed our tin is meant, was fo incorporated with copper 
by boiling, that the copper could ſcarcely be diſtinguiſhed 
from ſilver *. . Nay; it appears that the Romans not only 
uſed pure tin, but the fame mixture of tin and lead, which 
ſome of our workmen uſe at this time in tinning veſſels. A 
mixture of equal parts of tin and lead, they called argenta- 
rium; a mixture of two parts of lead and one of tin, they 
call zertiarium; and with equal parts of tertiarium and tin, 
that is, with two parts of tin and one of lead, they tinned 
whatever veſſels they thought fit. They, moreover, applied 
filver upon copper, in the ſame way in which they applied 
tin upon it and they uſed this filvered copper (I do not 
call ir plated, becauſe copper is plated by a different proceſs) 
in ornamenting their carriages, and the harneſs of their 
horſes, as we now uſe plated copper; on this head Pliny 
Vor. II. K 5 obſerves, 


Stannum illitum æneis vaſis, ſaporem gratiorem reddit, et 
the weight of the coppet. not being ſenf6bly increaſed (for Pliny 
here ſpeaks popularly) we may infer, that the covering of tin 
which the copper received was very flight, and the art alluded to 
by Pliny in this place, was probably the ſame with that of tin- 
ning now in uſe—album (ſcil. plumbum) incoquictur æries operi- 
bus, Galliarum invento, ita ut vix diſcerni poſſit ab argento, 
exque incoQilia yocant. This deſcription ſeems to be expreſſive 
of the manner of tinning, by putting the copper into melted tin, 
as is-pratiſeqin the tinning of iron plates. Plin. Hiſt. Nat. L. 
XXXIV. S. XLII. 


+ —— deinde et argentum incoquere ſimili modo ccepere 
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obſerves, and a rigid philoſdgher: wil apply the obſervation 
to ourſelves, that ſuch was the lurury of The Romans; that 
it was then ſimply reckoned x ple of 'cleyanee-ro-eoaſame 
in the ornaments of coaches, and i the trappiggs;of-horſes, 
metals, which their anceſtors could not uſe ts drinking veſ- 
ſels, withott being aſtoniſhed at their own-prodigalicy : we 
are not yet however, arrived at me of Nr. 
fer- ” barwwgqr n of ww ga ν%,j,L ale 

. — — 
tht when. mee and :poured-upon papch, it ſeemed to 
break the paper by its weight, rather than by its heat; and 
gree of heat which: was requiſite | to -fuſe | Celtic (Brito) 
tin . This metal mglts with-lefa beat than any other ſim- 
ple metallic ſubſtance, except quickſilver; it requiring for 
its fuſion not twice the heat in which water boilsz but com- 
poſitions of tin and lead, wbich are uſed in tinning, melt 
with-a flilHefs degree of bent, than what is, requiſite. to 
melt ſimple tin; and a mi coaipoſed of 5 parts of lead, 
3 of tin, and 8 of biſmuth, thopghe folid in the beat of 
age 1 nee of actin. ors comet * — 
6 11 


2 


{ 
„ 
21.0 


- 


x E S 8A N Nm. 6 


eee eee. 


Hast 1 ER ee foo copper. 1 
ſome foreign countries, particularly in France, Bohemia, 
and Sweden, the iron plates, which are to be tinned, are 
put under a heavy hammer which gives, in ſome works, 76 

| | NA.  Hrokes 


. 
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* De Mimb. Sen! 
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ſtrokes in a minute: they can in One week, with one ham- 
mer, fabricate 4320 plates th&irba is heated in a furnace 
the operation, and it loſes near an eighth part of. its. weight. 
Iron and copper are both of them very apt to be ſcaled by 
T weaty-four hundred weight of pure plate copper, wilt 
weight of bar iron will give 2 ton, when ſplit into rods, 
bur taking into conſideration all iron and ſteel wares, from 
2 neeile to an anchor, it is eſtimated that thirty hundred 
of dar ren will, at an average; yield -a ton of wares *. 
Thirty hundred weighe of cf iron is reduced to twenty, 
vben ĩt is to be made into wire; and twenty-ſix/to twenty- 
two; when it is to be made into bar iron. Steel - ſuffers a 
muck lem lo of weight in being bammered, than _ 
a Doro hrr tance; eee ſnipe of 
raſors; files," KC. Tbe iron plates in England, .are not 
hammered, but rolled to proper dimenſions dy being pur 
between two eylinderg of caſt iron caſed with fterl. This 
method of rolling iron is practiſec in Norway, when they 
form the plates with which they cover their houſes; but 
whether it was invented by the Engliſh, Co on 
ſome other country," (as many of our inventions in metal- 
lurgy hae been, eſpecially from Germany,) I have not 
been able to learn. In the firſt account which I have ſeen 
of its being practiſed in England, it is faid to have been an 
invention of Major Hunbury at Pontypool, the account was 
written in 1697, and mary plates had then been rolled +. 
The milling of lead, however, which is an operation of 
* e 

| k 2 | act 
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O'Brien, by W. Gibbons, 1985. 
T Phil. Franf. Ab. Vol. V. 
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Act of parliament was paſſedi.in. that year, granting unto 
Sir Philip. Hbward, and Miene Water, Efqs: the fole 
uſe of the manufacture of / milled: lead, fot the ſheathing 
of ſhips..... A-book was publiſhed in 1691 jntitied, The 

r Ac. 
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tury ago, made to lead ſheathing, It is preferable, - 
ever, to lead, on account of its. lightneſs. 2 2 
ſhould be once well eſtabliſhed, that ſhips ſheathied with 
lead or copper, will not laſt ſo long as thoſe which are un- 
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to the iron, fince no metal will combine itſelf with" any 
earth, and ruſt is the earth of iron. After the plates have 
been made quite bright, they are put into an iron pot filled 
with melted tin; the ſurface of the melted tin is kept co- 
vered with ſuet or pitch, or ſome fat ſubſtance, to prevent 


coat; the plates are then taken out of the melted tin, and 
undergoing ſome further operations, which render them 
more neat and faleable, but are not eſſential to the purpoſe 
of tinning them, they are packed up in boxes, and are 
every where to be met with in commerce under the. name 
of tin-plates; though the principal part of their ſubſtance is 
r gg webs have called them fer banc, 


n 
to air and moiſture, and hence the chief uſe of tinning 


iron, is to hinder it from becoming ruſty; and it is 


through its whole ſubſtance by the tin; it was of a white 
colour, and had preſerved its malleability. It is uſual to 


tin; and pins, which are made of copper wire, are whiten- 
ed, by being boiled for a long time with granulated tin in 
a lie made of alum and tartar. Would the iron bolts, uſed. 
boiled in melted tin? Would it be poſſible to þver iron 
plates by ſubſtituting melted filver for meked tin? I do not 
— po; Fas tried; but an in- 
| KR 3 telligent 
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telligent manufacturer will ſee many advantages which 
waukt auage the fhccels of it, | 

I is caſtomary, in ſome places, to alloy the tin; uſed for 
tioning iron plates, with about one ſeventieth part of its 
weight: of copper; foreigners make 2 great - ſecret of this 
praftice;z' I do not know whether any of our manufacturers 
uſe copper; ſame of them I have reaſon to believe do not. 
Too much edpper renders the plates of a blackiſh hue, and 
if there is too little, the tin is too thick upon the plates; 
or the profit of the manufacturer leſs, will ma ke them laſt 
longer... When the tin is heated to too great a pitch, ſome 
of the. plates have yellowiſh fpots on them; but the coat 
of tin is thinner, and more even, when the tin is of a great, 
than of a moderate heaz; and the yellowneſs may be taken 
away, by boiling the plates for two or three minutes in lees 
of wine, or, where they cannot be had, four ſmall beer, 
or. ather-ſamilar Mquors, may, probably, be uſed with the 
fame ſurceſd. 'The quantity of tin uſed in tinning a definite 
number of plates, each of a definite ſize, is not the fame 


283 {quate feet: in other, where the tin is laid on thicker, 
one pound will got cover above 22 ſquare feet; the thick- 
ness of the tin, even in this caſe, is ſmall, not much ex- 
ceeding the one thouſandth part of an inch; though that 
is near twice the thickneſs which tin has upon copper in 
the ordinary way of tinning. | have inquired of our Eng- 
lik manufacturers concerning the quantity. of tin uſed by 


ee SF 
There are various tin plate manufaftories eſtabliſhed of 
late years in different parts of England and Wales. Saxo- 
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ny, and part of Bohemia, formerly ſupplied all the known 
world with this commodity; but England now exports 
large quantities of it to Holland, Flanders, France, Spain, 
Italy, and other places. About the year 1670, Andrew 
Yarranton (he deſerves a ſtatue for the attempt) undertook, 
at the expence of ſome enter priſing perſons, a journey into 
Saxony, in order to diſcover the art of making tin plates; 
he ſucceeded to his utmoſt wiſhes; and, on his return, ſe- 
veral parcels of tin plates were made, which met with the 
approbation of the tin men in London and Worceſter *. 


Upon this ſucceſs, preparations were made for ſetting up a 
manufactory, by the ſame perſons who had expended their 
money in making the diſcovery ; — ———_ obtain- 


year 1720, when the fabricating of tin plates made 
the many very uſeful projects, (though they. were 
with ſome which were impracticable) for which 
will ever be memorable. How foon after that 


more pliable than the foreign ones, which were then, and ſtill 
continue to be hammered ; it being impoſſible to hammer 
either iron, or copper, to ſo uniform a thickneſs, as theſe 
metals are reduced to by being rolled. It is faid, that a 
Corniſh tin man flying out of England for-a' murder in 
I 


tee 


Eee: Improvement by Sea and Land, by And. ve 
ranton, Gent. 1698. a b 
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there was no tin in Europe, except in England“; a R- 
muſh prieſt, converted to be a Lutheran, carried the art of 
1620 z and Andrew Yarranton, as we have ſeen, brought 
it from Saxony into England about the year 1670; Saxony 
at that time being the only place in which the plates were 
made. They are now made not only in England, but in 
though from the cheap- 

of ſome ſorts of our 
iron, the greateſt ſhare of the tin plate trade muſt ever cen- 
ter with ourſelves Our coo! is another circumſtance, 
which tends to give Great Britain an advantage, over ſome 
other countries, in ſuch manufactures as require a great 
conſumption of fuel. Word was ſcarce in Saxony above a 
century ago, and it is now ſtill more ſcarce in France. 
They are beginning, it is faid, in that country to uſe coal 
and coak, or charred pitcoal, called by them Charbon de 
terre pure, and they have granted a patent to an individu- 
al for the preparation of itt. Another individual has 'be- 
gun to diſtil tar from pit-coal, and he gets about 5 pounds 
weight of tar from an hundred of coal (which is pretty 
nearly what I ſuggeſted in 178, as poſſible to be obtained 
from the ſame quantity, Vol. I. p. 267). The French $ 
Cc ns ee earr a4 


en 
* ® Heylin's Geog. + Yarranten. | 
1 Acad. des Scien. a Paris, 1781; where M. Lavoifier gives an 
uſeful memoir on the ive excellencies of pit-coal, coak, 
| wood and charcoal as fiiels. —Il ſuit de ces experiences, que pour 
produire des effers eaux, il faut employer: charbon de terre 600 
livresz charbon de terte charboane 552; charbon de bois mele 
9503 bois de hetre r125 ; bois de chene 1089, 
$ I! ſuffic de dire qu'elle peut fournir à la capitale un nouveau 
chaꝑffage, devenu neceſſaire dans un moment ou Fon eſt menace 
d'une diſſette de bois qu? elle peut ouvrit dans le royaume une 
nouvelle brance de commerce z etablir de nouvelles manufaftures ; 
faire valoir des mines, reſtees juſqu? a preſent inutiles, L' Efprit | 
des Journ, Juillet, 1785. 
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but we have nothing to apprehend on that ſcore, for the _ 
patriotic zeal of the Earl of Dundonald has put us in po 

ſeſſion of every advantage which can be expected from a 
diſcovery, which he has had the honour of bringing to 


aber with iron wire, _— ounce of 
to 12 ounces of copper. The ſurface of the plate of 


is not quite ſo large as that of the copper ingot 


One ounce of filyer is often rolled out into a- ſurface of 
about 3 ſquare feet, and its thickneſs is about the three 
thouſandth part of an inch; and hence we need not won- 
der at the ſilver being ſoon worn off from the tharp angles 
of plated copper, when it is rolled to fo great an extent. 
Plated copper has, of late years, become very faſhionable 
for the mouldings of coaches, and for the buckles, rings, 
&c. of horſe harneſs. It might be uſed very advantageouſly 
in kitchen utenſils, by thoſe who diſlike the uſe of tinned 
copper, and cannot afford to be at the expence of filver 
ſaucepans, &c. The filver, inſtead of being rolled on the 
copper to ſo great a thinneſs, as it is in moſt works, might 
be left in kitchen furniture conſiderably thicker, fo that an 
ounce of ſilver might be ſpread over one ſquare foot; the 
ſilver coating would in this caſe ſtill be very thin, yet it 
would laſt a long time. Fire does not confume ſilver, and 

the 


5 


aud filver leaf is 
it adheres 
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- the wiſte in thickneſs, which « piece of plate fuſtains from 


being in conſtant uſe for a century, is not much; as 


4 
| 


\ +6 
8 
£ 


7 
1 


Hef! 


ih 


"What is codmonly called French plate, is not to be 
confounded with the plated copper of which we have been 
; for thoagh both theſe ſubſtances conſiſt of copper 


covered with a thin coat of real filver, yet they are not 
made in the ſame way. In making French plate, copper, 


or more commanly” braſs, is heated to a certain degree, 
applied upon the heated metal, to which 
it by being rubbed with a proper burniſher. It is 
evident, * the durability of the plating, muſt depend 


quantity" of ſurface. For ornaments which are not much 
. vill 


* 
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not laſt long, without betraying the metal are deſigned 
r 
waſhed. After the ſame manner may gold leaf be fixed, 
either on iron or copper. Gold is applied on filver, by 
coating a flver rod wih gold leaf; and the rod being 
afterwards drawn into wire, the gold"adheres to it ; the 
ſmalleſt proportion of gold, allowed by act of parliament, 
is 100 grains to 57760 grains of filyer f and the beſt double- 
gilt wire is ſaid to have about 20 grains more of gold to 


feet, do a ſurface of above 100 ſquare | 
thinneſs of the 4920goth part of an inch: and M. 
gold may be extended 


uſed in making various toys. Gold is diſſolved in aqua regia 3 
ſome particles of gold; the rags being burned to aſhes, 
to it, and is rendered viſible by being well burniſhed. 


* Lewis Com. Phil. p. 3. + 1d. 6 


ESSAY 


4965s CHEMICAL ESSAYS. 
K $8. A. Y RAS. 


Of gilding in Or Moulu—Of the Uſe of Ddichfilver in 
Experiments on Duickfilver. —Of flvering Looking-Glaſſes 3 
and of the Time when that Art was diſcqvered. 


Turns is another method of applying gold on copper 
or ſilver, which is much practiſed ; it is called gilding in 
Or Moulu. Quickſilver diſſolves gold with great facility : it 
you ſpread a gold leaf, (not what is called Dutch leaf, 
which is made of braſs) on the palm of your hand, and 
pour a little quickfilver upon it, you will ſee the quickfilver 
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the gold, not being ſuſceptible of evaporation, remains 
attached to the ſurface of the copper, and undergoing the 
operations of burniſhing, &c. tao minute to be deſcribed, 
becomes gilt. This method. of gilding copper, by means 
of quickſilver and gold, was known to the Romans 
Quickſilver will not unite with iron, yet by an eaſy opera- 
tion, the foundation of which. has been mentioned (Vol. I. 
Eff. VI.), iron may be gilded in the ſame way, that copper 
or filver may. The iron is firſt to be. made bright, and 
then immerſed in a folution of blue vitriol, its ſurface will 
thereby become covered with a thin coat of copper, and 
it will then admit the gilding as if its whole ſubſtance was 


. * 


| 8 It is this property which quickſilver has of uniting itſelf 
with gold, and it does the fame with ſilver, which has 


ED 2 grout os to the Spaniards in America. 
hey reduce the earths or ſtones, containing gold or ſilver 
in their metallic ſtates, into a very fine powder ; they mix 
this powder with quickſil ver; and the quickſilver having the 
quality of uniting itſelf with every particle of theſe precious 
metals, but being incapable of contracting any union with 
ro particle of earth, extracts theſe metals from the largeſt 


Portions of earth. The quickſilver which has abſorbed either 
= or filver, or a mixture of both, is ſeparated from the 
ſubſtance it has abſorbed by evaporation z the quickſilver flies 
off in vapour, and the ſubſtance remains in the veſſel uſed 
in the operation. We have no mines of mercury in Eng- 
Hud ; Sir Jahn Pettus, indeed, fays, that a little cinnahar 
is now and then met with in our copper mines » and Mr. 
Penuant obſerves, that quickſilver has been found in ics 
native ſtate on the mountains of Scotland; and I have 
yn | * 
exar. Pla. Hiſt. Nat. L. XXXIII. Pliny underſtood by argearum 
vivum, native quickfilyer, which is found in a fluid ſtate in 
many mines; and by i 
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ickſil » 17 th 
, = 5 „1 


is mec bat the mines of Almaden in Spain are 
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to the extraction of gold and filver from the earths. in 
which they are found, has rendered the conſumption of it 
far more conſiderable fince the diſcovery of the American 
mines, than it was amongſt the ancients. - forms 
@ calculation, and concludes, that fifty times as much 
gold as quickſilber was annually extracted from the bowels 
of the earth: Cramer admits admits the truth of this 
calculation, but inſiavates a ſuſpicion worth attending to 
chat mercury may uſten exiſt in minerals, and yet not be 
diſcovered by minets; ſince in the open fires in which 
examined; - the mercury would fly off in fame. Earths or 
minerals of any kind, containing mercury, are moſt accu- 
_ rately afayed by diſtilling them with icon filings; but 
Whether a mineral contains mercury or not, may be eaſily 
diſcovered; by firewing it, when powdered, on a plate 
of hot iron, or oma hot brick covered with iron filings, 
and inverting over it a glaſs of any kind ; the mercury, if 
the mineral contains any, will aſcend and attach itſelf in 
{inall globules to the fide of the glaſs. Mercury is divided 
by the writers of ſyſtems of mineralogy, into native mer- 
cury, and mercury mineraliſed by ſulphur : native mercury 
is found in its running fate,” and quite pure, as it is faid 
(though this may be doubted from the facility with which 
mercury diſſolves gold, and filver, and other metals) in 
the mines of Adria Amaden, &c.: it is more frequently, 
However, imbedded in calcareous earths, or clays of dif- 
ferent colours, from which it may be ſeparated either by 
trituration and lotion, the ſmaller globules coaleſcing by mu- 
tual contact into larger; or by diſtillation. The running 
native mercury, which requires no proceſs for its extraction, 
is more eſteemed, and thought to have ſome peculiar pro- 
perties which do not belong to that obtained by fimple dif- 
42 2 | virgin 


* Ars, Docim. Cram. Vol. I. p. 231. 
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virgin mercury. Mercury mineraliſed by ſulphur, is called 
cinnaber, which ſome ſay is an African word denoting the 


in various ways in-different works. It ſometimes happens, 
that. the coarſer cinnabarine ores are ſo much mixed with 
calcareous earth, that they require no addition in order to 
eſfact the ſeparation-of mercury from ſulphur ; this is the 
caſe in the mines of Almaden. The finer kinds of cinnabar, 
wrought for mercury, but cither uſed in medicine, or when 
levigated under the name of vermillion in painting; and of- 
ten by. the women as a. ſubſtitute. for. carmine, which is 
prepared from cochineal, Native cinnabars are often mixed 
with {mall portions of arſenical, vitriolic, or earthy ſub- 
ſtances, whence they become of uncertain or dangerous ef- 
 ficacy'in medicine; for this reaſon —— 
1y.in great repute, has been left out of modern 
ries. The fineſt cinnabar we know of is — from 
Jabaa ; though there is great reaſon to believe, that the 
Dutch impoſe upon the the world a home manufacture un- 
der the name of Japan cinnabar;; the trade WHO, copper, 
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and cinnabar to Japan is/exceeding-lucrative;. and I believe 
wholly as te Europe in the and of the rh er 5 
Thoſe, who are acquainted with the difficulty of making 
chemical experiments, will admire the great patience and 
induſtry ' with which Boerbawve i the nature 
of mercury. He was induced to undertake this taſk, from 
a deſire of verifying, or refuting the doctrines of the al- 
chemiſts. ; 'Theſe adepts had taught, that was the 
matter of which all metals conſiſted; and that if it could 
in it win ſtate, they held it to be polluted, it would then 
ſtance: for, acrording to them, every metal ſprung from its 
peculiar ſeed; which, when it met with its proper pabulum, 
in a proper matrix, attended with a due foſtering heat, by a 
vivifying principle multiplied itſelf, and received an augmen- 
tation of parts, in a manner Gmilar to that by which plants 
and animals arc dilated in their dimenſions.” The inveſtiga- 
tion of nature is infinite, every age adds ſomewhat to the 
common: ſtock, which. renders the labours of preceding ages 
wholly uſeleſs. We no longer trouble ourſelves with 

works oF the alchemiſts' which. remain, nor do we regret 
ſuch of them as have been devoured by time, or were burned 
by the: order of Diocletian; 2 the Herculean la- 
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ſplendid, infGipid-mercary, hanged into. 2 black powder, 


x an acrid ui taste. He mbxt/digeditd, mercury in a 


genie heat (1009 of Fahrende dher.) and fobad ic, ID 2 


powder remabaing in the retort; and he'obſerves, thut this 
pow ddr Wis as copwally ſeparated, after the 'tnbrvoury had 
Seen bee go Um diftilied; as at firſt ; and thence rea- 
fonably conttudes, thut it ought rather to de attributed to > 
" —ů ů — than to any impurity contain 
Tus poder, like the preceding, by à ſuperior 
—— running mercury; except about a 
72d part, which, though fixed in a firong fire and vitrifiable 
with bores, cBubd riot ſopport the action of lead, but va- 
mite enthely, Lseing no-figns of any metallic ſubſtance 
upon the eupeb: this eus the Hrtle probability of convert- 
iti rlievettby ute eld or Her by the acien of a violent 
rt. In the wing year beiprefenced a memoir to the 
Rey Acaflowy of Sciences ir Paris, upon the ſime ſub- 
jeſt. We chere learn, iht mercury kept in digeſtion for 
75 fee wan a<bnſturrhexr of 100 degites, mu not Raad, 
nor atly how chinged, except” that u little 'Diick - 


tr ron nt rae, — Hente is — 

red, thEtikipolibility of Sserunryv being chan in the bo- 

C ˙ A the "heat" Thy mines 

ſcarcely ever amounting 1610650 Though it Hüght be im- 

change mereury into a metal, yet the philoſophers 

1 hre eontended, that mercury; umted to a particular kind 
offulphor, 


enter<#intotheeotnipoftidnof all metals, and might 
by art be erraten from then f lead vun of all others thought 
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nothing can be expected from its combination with falts, 
and lead, or tin. n 
mercury could never be freed from its original impurity, bur 
by bulay joided to d pe budy e he tube makes wth 
irſelf, this they thonght gold and flver to. be. Boerhaave, 
in order fully to fabvert their high pretenſions, gave into 
the Royal Society another paper in the latter end of the 
year 1736, containing an account of tie 
both of mercury and gold, how often ſoever they wete dif- 
tilled together. He repeated the diffillation of mercury 
from gold above 850 times; the mercury was not in any 
reſpect changed its ſpecific was the fame as at firſt, 
nor had it loft the being converted into a red 
powder by a due degree of heat. "Theſe were all the tracts 
which were pudliſhed during the life-time of Bocrhaave ; 
he died in September, 1738, and teft bis papers do his two 
brothers, and after their deaths, they fell into the hands of 
Charles Frederic Kruſc, phyſician to the Empreſs of Ruſfia; 
this gentleman hath publiſhed a ſhort exit>Q' from Boer- | 
haave's Diary, and a fuller achoune of Ml more 
laborious We learn from this extract, „ that 
enchant Mili he ny narcary rovy nes, 8 
its ſpecific gravity was to that of water, as 1375 : NN 
tha l i been ben once Ae wis as 1340 
Dre 
temperatures of the air when the experiments were made, 
or to other circumſtances, which the accuracy of 
Craveſande, whom he made the experiment, could not 
provide againſt. | 
The mixture of quickfilver with gold, or ſilver, or lead or 
tio, or copper, or any other metallic ſubſtance with which it 
is capable of uniting, is called an ama/gam, and the operation 
by, which the union is effected, is called amaigamgtion. 
Authors are.not agreed as tg the derivation of the word 


that it 33 
A r: — 


Novi Commen. Petropo. Tom. IX. p. 381. 


of .tin and one of quickfilver, in the form of 


= 


"the an leaf, 


- 
- 


2 


= * 
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quoque regnis floret *.—The authors of the French Ency- 
„„ parry roger ve WIE 
moir printed in the 23d vol. of the Academy of 

ons, &c.—ll eſt d autant plus 6tonnant que les — 
aient pas conmu I art de rendre le verre propre a 

la repreſentation des objets, en appliquant I etain — 
err 


of quickſilver in the conſtruction of theſe glaſſes 
preſume is of no great antiquity) the reflection of 
— — IP 
nn re 
ing out the age in which the applying a metallic, covering * 
one fide of a looki was introduced, than. the fab; 
in the eſtimation of many, will ſeem to deſerve; and, indeed, 
more than it deſerved in my own eſtimation ; but the dift- 
ciles nage, the flultus labor inoptiarum, when once the mind 
gets intangled with them, cannot be eaſily abandoned: one 
feels, moreover, a ſingular reluctance in giving up an un- 
| ſucceſsful purſuit. The: reader would pardan the intra- 
duction of this reflection, if he knew how many muſty vo- 
lames L turned over before. I could meet with any infor- 
mation which could ſatisfy me, in any degree, on this ſub- 
jets Lam not yet quite ſatisfied, though I take the liberty 
to ſa in oppoſition to Aretori, and the other 
authorities which I have quoted, that the applying a. metal- 
lic covering to looking-glaſſes is nat a modern invention ;— | 
it is probable it was known in the firſt century, if nat ſooner, 
+. ha, Wm: 


oy ent gd 8 | 


e t | 
Ta Pl Mg gs, g ui | 


and they faxed u in the | 2 
apartments mare pleaſknt. Now a piece of flat 

in wei of a reom, is a fort of looking-glaſs, and if the 
it is fined, be of a dark colour, it will not 


glaſs with «metallic plate ? It has been 
chat the Romans knew how to make a paſte of 
quickſitver, and it appears from Pliny 

How to bear gokiinto thin leaves, and 10 apply 


- very plice where Filuy 
Nee. 


-now there is 


©, An opinion, ſays he, 
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Al, but hey: hne ba to glaze their windows with it, 
walls of their rooms to render their 


F 


obſerved 


f 


li 


alſo, that 


F 


that 


f 
* 8 


bern eee thav the application of geld to: the bock 


pitt of 4 


Hiſt: Nat. L. 


pm, readers the image better defined. It 


Hardly pode that any one ſhould be of opinion, that 


XAXUES:XLV:" 


p | majores fuerant Brunduſina fanno et ære mix 
enter Primus fecit Praziceles, magni Pompeii ætate. Nu- 
nn 
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ed for Buffon is of opinion, that a looking-glaſs made with 
a covering of gold and quickfilver, would reflect more light 
than one made in the ordinary way with tin and quickſil- 
ver *; and hence Pliny's expreſſion, —— 
— — towards the end of the 
ſecond century, he wrote ſeveral works in Greek, and 
— —— — his "oy 
blems is this +: | [oratory we 
ele . f 
we laß ſyeculy.fo very reſplendent? 62 
e pat of ths ae which we are covered, 
be they beſwear the ina of thew withtin-. - 
N I bee here. rendered befmeors 
ere at cguron 
fixing the tin upon the glaſs was performed. Play uſes 
\ Lain yr en) of ty he en . 
———— — — tinned z 
and as in that operating, tin is melted and ſpread over the fur- 
face of the copper, I fee. no difficulty in ſuppoſing, that the 


tn may have been, in the time of Alexander Aphrodiſeus, 
e when. pre- 
R 2 r e 


| Having carried ap the.iaventian of. concring Glass ſpecula 
r . — 


1 +} 2 Na 


— r de 8 b. 
Be: du Bi rs i yen 4 fk P or Nr 
argent. Hist. Nat. Buffon. Sup. Tom I. p 451. | 

_ F AABZANAPOY A®POAIZENE :aTgice | Tae 24 Prog 
Parifis, 25.46, —If . any be Concerning 
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muſt have been inferior to the metallic mirrors then in uſe 
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think, that if the — Fr invented the art 


uſing a flat piece of glaſs as a ſpeculum, without 
how to give it a metallic coating, on which its excellency 
chiefly depends, they would not have merited the mention 
which ' Pliny makes of them; ſor their looking glaſſes 


at Rome. There ſcems to be but one objection of any 
conſequence to this concluſion, — had the method of giving 
a metallic covering to plates of glaſs been known, at Teaſt 
to the Romans, (for it might have been known in A long 
before it was known in Ia) it ſeems probable, that the 
metallic ſpecula would have fallen into general diſuſe, much 
ſooner than there is cauſe to think they did; for it would 
have been much eaſier to make a looking-glaſs, than to po- 
liſh a metallic mirror ; and the image from the glaſs would 
have been ſuperior to that from the metal, and on both 


that now in uſe only in this, that the rin-foil, when ſilvered, 


: r J. NPs. 


14-4 
"> + * 


— ** torno. teritur, aliud ar- 


genti mgdo cælatur, Og es 


etidin"Tpecula excogicaverat, HI Nat, L. XXXVIL 
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1719; he there ſpeaks * 
with 3 of quickſilver: 


of 2 mixture of 1 part of un 
ſays, wits 
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the month of a ſmall oven. ftrangly, begted, the: mercury 

was converted into and that v Was. 
by — A kind. of chimpey, 1 beliexe. has of late. been 
opened at the farther fide. of the oven, into which the mer · 
curial vapour is driven, and thus both the mercury is ſaved, 
andthe health of the aperator is attended ta, The perſon 
Law was. very {cafible of the. cauſe. of. bis diforder,. but 
bad not courage. to withſtand the tegzptation of high wa- 
R bled him to continue in a ſtate of intaxigaton 

theee days in che weck, n the 
3 * NK wrt) we Ke 7 neee 
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place; without thinutely exploring 
2 cauſes, all the fortuitous circumſtances by 
- which they were effektel; ſo in the prefent ſtate; of experi 
F av to wy ſub- 
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jefts, with knowing the general concluſians, without at- 
tempting. to. ſcrutinize. all the - experimgnts, on 

which they are founded. All the. works of the writers, of 
Greece and Rome, which have came down ta our time, do 
not equal a third part of the bulk of thoſe which have been 
publiſhed by individuals, agd. by the ſeveral philloghica 
ſocieties of Europe on experimental phaloſophy alone, fince 
the middle of the laſt century: nos does the nature of 


things preſcxibe any limit to human induſtry, exerted in the 


proſecution of ſuch inquiries. There is not an animal, or 2 
vegetable ſubſtance that we feed on; nor a ſaline ſubſtance 
that we taſte 3 nar a devexage that we drink; nor the air 
that we breathe 3 nor a metal thay we handle 3 nor a ſtone 
that we tread on, but what may furniſh matter for an in- 
finity of experiments. What a ſomee of natural know- 
ledge is water alone? Who can underſtand all the pro- 
pertics that belong to it as a body, that in fluid in a certain 
degeee of heat; folid in a leſs; and convertible into an ela 
tia vapour of incredible farce in a greater; as capable of 


diſſalving all kinds of falty ; a3 abſording and detdining in its 


ſubſtance the air of the atmaſpbere ; 28 being irſelf abſarb- 
ed by, and ſuſpended in the air ; as cooftituting the princi- 
pal part notunly of blood, urine; milk, wines, ails, ſpirits, 


_ and all fluid bodies; but as entezing, in a large proportion. 
into the conſtizatian of the ſolid, parts of all animal, and 


vegetable, and of many mineral ſabftances z as being refolv> = 
able, according to the moſt recent diſceveries, into two dif- 


It is concerning the experiments which haue been made re- 
latvs ts this af property, that I mean, in this Eſſay, to give 
3 brief Han account, Men advance very ſlowly in the 
attainment of phyſical knowledge: the trouble of making 
experiments ia great, but ſhort relations of their refults can- 


not fail of being entertaiging to minds imbued wich any taſte 
for ſuck kind of inveſtigation; rn. four — 2 
F imat 


ferent ſorts'ef air 1 and as being tranſmntable into earth! 


riments. Ia the one they appeal to the 'mechaniſm of 


| NR „ ras Br 96d opake, _ 
ya 


OILS — wane laws 


earth, ſupport their opinion, principally, by arguments de- 
duced from the reſult of two very different kinds of expe- 


nature, and contend, that - vegetation, however inexpli- 
cable it may be in its manner of operation, is certain in its 
effſe@, and invariably changes water into earth. In the, 
other they have recourſe to the aſſiſtance of art, and by fo 
ſimple a proceſs as that of diſtillation, indefinitely repeated, 
they hold it poſſible to exhibit any determinate quantity of 


e Bowes had rendired/ rhe autho- 
vity OSS” — we I ms were 


night 'pollibly —— — — in 


nature, which. had either eſcaped the obſervation, or, from 
to the eſtabliſhed maxims of the Schools, 
had been deemed unworthy the animadverſion of philoſo- 
phers, began to be examined with a minute attention: we 
have" ap inſtance/ of the-wruth of this obſervation in the 
ſubject beſore us. 4 132 G * 617 


222 conk-mceee: knew: rcee hcly- ited 
in glaſs veſſels, but the operator might have bad an oppor- 


walty oÞ obſerving a thin '-pellicle of earth, tarniſhing the 


| 9 the. bottom of the veſſel 


CBT: employed 
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employed in the proceſs. This appearance is conſtant, it 
itſelf not only when the water is firſt diſtilled, but 
after it has been purged, as much as poſſible, from every 
foreign impurity by reiterated diſtillation, Yet notwith- 
ſanding the invariable uniformity of this phenomenon, I 
know not whether it was noticed by any one before Borri- 
chius, as furniſhing an incontrovertible proof of the tranſ- 
mutability of water into earth. Why, fays he, ſhould we 
dwell upon the poſſibility of chemical principles being con- 
verted into one another, when the very elements of Ariſto- 
tle are not exempt from change? He then proceeds to 
obſerve, that water, how frequently ſoever he had diſtilled 
it from freſt: glaſs veſſels, ſtill left at the end of each ſuc- 
ceſſive operation, a ſlender coating of earth ſticking to the 
ſide of the veſſel, and he attributes the production of this 
carth, not to atiy &ftraneous impurity accidentally mixed 
with, and obſitinately adhering to the water, but to'a 
_ tranſmutation'bf the water into a true, firm, fixed, infipid 
earth“. In faying that Borrichizs was the fit perſon who 
made this obſervation, I may, perhaps, be guilty of ſome 
referred to, is dated at Copenhagen in 1673 3 now it is cer- 
tain, that Boyle's treatiſe concerning the origin of Qualities 
and Forms, in which the tranſmutation of water into earth 
oy NEE . 


e quid deen were b Irc ArjPeretis clementa non 
ſunt ab his immunia mutationibus. Enimvero aqua, etiam lim- 
pidiſſima, et, f placet, vel decies per diſtillationes ab omni 
feece libera in veram, firmam, fixam, et infipidam terram muta- 
bitur, k eandem iterum, iterumque frequentifſims ex recentibus 
ſemper vaſis vitreis lente diftillando evoces quavis enim vice 
tenella quædam cuticula terrea, fed elegans, ex aqui illa enata 
ſuperficies incetiori vitri agglutinabitur, quod frequentibus experi- 
mentis didici z' cumque illud ipſum ante hos X annos narrarem | 
CL Oxonienafis Academia Medico Edmundo Dickenſotino, idem 
centeſimã deſtillatĩone aſſeruit. Hermetis Ægy pt. 


ſibiĩ compertum 
et Chem. Sapien. per Ol. Borrichium, p. 397. 


Oxford 
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Oxford, in g, NE Varrichias in Jeokew of ti 
a phyſician at Oxford ten years before he 
blithed his book, and as it is very probable, that Boyle 
was unacquainted with this experiment when he firſt pub- 
liſhed his Sceptical Chemiſt in 1661, Borrichius may, per- 
haps, be properly enough eſteemed prior to Boyle in the 


F „ 14 us with 
his making the enperiment A gen- 
tleman who, in order to diſcover the grand arcanum, had 
emploped, among other things, great quantities of purified. 
rain water, complaiged to him, that. inſtead of obtaining 
what he looked fot, he. met with a great deal of whitiſh 
excrementitious matter, which he knew not what to make 
. of., The great plenty and fome peculiar qualities of this 
matter, which had ſo much perplexed the old chemiſt,. 
ſuggeſted to Mr. Boyle a ſuſpicion, that it was not owing 
. 2 —- — 
— —ͤ— | act, by being re-diffilled, — 4 
24 the end of the aperation,. a portion. of cacth. . The reſult. 
of his experiment confirmed him in his conjecture, that the 
earthy powder obtained by diſtilling rain water, might 
be a tranfmutation of ſome parts of the water into cart: 
and he was mach ſtreagrhened in this belief by conta, 
with a phyliciat (probably the fame perſon mentioned by | 
Borrichius) who alſured him, that he had frequenly found | 
2 even after he 3 
* Boyle ſeems. to: have been very cautions. in admining - 
— the oddneſs of it he owns. Mill kept 
4 | 2 n * ö that 


| g 4 4 | * 


* Boyle's Works, fol. 408 p. 519. 
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that-he was informed by an ingenious perſon of unſuſpected 
credit, who, with a medical view; had been long work 
ing upon tain water, chat water "whith' he had diſtilled 
near e bunived imer, ill uffer ded a white earth; add 
that more copiouſly, at leaſt more conſpicusuſly in the latier 
diffilMativns, that ia ue former. This gentleman, out of 
one 'onnce of died ram water, had obinined, by reite 
rated diſtillation, near three quarters of an ounce, if not 
more of earth. The phyſician Deren, mentioned by 
Borrichius, was probably the perſom all6ded to by Boyle 
in- this actoadt';” fr Teng ben Nys in his: Collection, * T 
have heard chat Dr. Dickebſon has trned eighteen parts 
of water out A twenty parts into eatth, only by repeated 
diſtillation.” Yet, even this account, vonclufive” as one 
Night think it, could not extort from Boyle a full convic- _ 
tion. of the poſſibility. of tranſmuring water into earth by 
Uſtllatioa ; he calls the hypotheſis a bold conjecture, and 
. exprefly mentions. ſome, ſcruples which fill remained with | 
him. Two of theſe ſcruples are worthy of particulac 
notice, inaſmuch: as they contain the two principal objec- 
tions, which have been made, by ſubſequent philoſophers, 
to the doftrine which ke "endeavoured te eftabliſfh. The 
„ which the "experiment had been” - 
2 Nr | n to the water itſelf, 
. were kit, td N ” lays he, *© whether 4 
body, . wherein all the are made, ee 
weight, any thing near ſo much as the obtained 
amounts ta. Aud again, 1 couid wich that it were | 
demonſtrably determined, what is on all hands taken for 
22. wake i.e pr bidy hncabeds 
* 2 | 
— that Boyle wi cet nh 
teſpect to theſe doubts, he reſumes indee# the ſubject in a 
trat, intitled, Experiments and Notes about the produce- 
r r Oxford in 
— r 


60 44 4 * 
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— Norwithſtanding the. difidence with 5 Boyle kim 
vane into rd, if pp 10 hve bow 2g le.. 
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een frequent n ls. into fred! 


. Baye has tried, and then this carth being enabled to 
E. rn 
i quz Tow 1 

-* Another method is DOPE Can may de 
red-hor../ If = ſpoceful of water 'hadhrown upon the ſur- 


| OY if, je ay ©: melted metal 1 ie, will make no. 
| ele ep ee 
diſſipmed | 


o explain the | ; LS Bo 
a9 but be allowo rhe 0x- 


22332 Ae this 
mined, re AI iemnenta | 
ſupport of the tranſinutability of water into earth 3 thong Dr. 
Prieftly has remarked*. © that water after being heated red-hec, 
was; foil. nnn proper © 
l . dae eee eee 


no Pb g 1 Þ. te 1 95 
SN 1 5 — | \ 9a . 
© + Qurres de M. E. ande, Vol, Il. p. 9 W..... 


[| Phal. T 78, p. 29d + 
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 Soerbaqve oppoſed the general. perſuaſion ; he did not 
deny that earth was always found at the bottom of the 
veſſel in which water had been diſtilled, nor that the quan- 
tity of earth was conſtantly increaſing with the increaſe of 
the namber of diſtillations which the water had undergone ; 
bur he thought that this earth did not proceed from the wa- 
ter itſelf, but from the duſt which is always floating in the 
atmoſphere, eſpecially in the atmoſphere of elaboratories. 
_ It could not be imagined, that the atmoſphere included in 
the veſſels uſed-for diſtillation, could furniſh any conſiders- 
ble quantity of duſt in one operation, yet being renewed by 
the opening of the veſſels, as as the diſtillation 
was repeated, it ſeemed to him tobe a cauſe fully adequate 
to the en. 

It is's matter of wonder, that Boerhaave ſhould aign 
ache righs fot this phopimancn, the refolk _ 
of an experiment mentioned by Boyle, in which he expoſed 
the ſame water, in the ſame veſitt bermetically ſealed, to a 
heat for above a year +: after it had continued a 


gan to be formed, and he cxpreſaly remarks, that the langer 
the glaſs was kepe in 1 
to be explained-from the duſt [floating in the . 
2s the veſſel, by being hermetically ſealed, effeftually,ex- 
a * 


1 N 4 

tal en. 5 We” 
n. fo ed 

by fire, that the two fides of it may be pinched together, the veſſe! 


| i faid to be bermetically ſealed; thus the” upper end of the tube 
_ of a mercurial thermometer, is ſealed. — A digeffove 


| Helſter, and below that in which it boils: but 10 of Farenheit's 
_ thetmnomete? is commonly called a digeſtive heat. The 

called digefion, conſiſts in 
* a N 


- 


good: while, little concretions, heavier than the water, be- 


beat, is in general, any degree of heat above that in which water 


operation 
expoling liquide, or liquide and falls, = 
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"Thanh iis pleat; n wes cer 
nr 
graf undertook to ſhew its inſufficiency in another manner 
He contrived a retort and a receiver of the ſame piece of 
glaſs, and through an hole in the receiver, which he after- 
wards cloſed with a glaſs ſtopple, he poured an ounce of 
water which had been carefully diſtilled thirteen times; this 
water he re- diililled, without fuffering any air to enter into 
the retort, thirty times more, and obſerved that the watcr, 
which: was at firſt exceedingly tranſparent, became more 
and more troubled by the admixture of a fine white earth, 
as the number of diſtillations was increaſed. The refuta- 
tion of Boerhaave's hypotheſis, was not the only point 
which Marggraf had in view in making his experiments on 
waterz he was deſirous alſo of obviating the objections 
of thoſe who were diſpoſed to attribute the origin of the 
_ earth to an/ abraſion of the parts of the glaſs, rather than 
to a tranſmutation of the particles of water. In order to 
this he has not only remarked, that the veſſels in which be 
had diſtilled water fo frequently, were, as far as microſ- 
copes could inform him, as perfectly poliſhed as when new, 
and that they were of the very beſt fort of glafs, in which 
ſpirit of falt might be kept for many years without its injur- 
| ing them, but be has ſhewn that fire is not eſſential to the 
production of the effect; an earth being ſeparable from 
diſtilled water by the ſimple action of the fun 
the water, and even without any heat by a long continued 
agitation. Sir Iſaac Newton was of opinion, that the 
water upon the ſurface of the earth was daily diminiſhed 
dy vegetation, and if we may rely upon theſe experiments 
of Marggraf, we ſee that there are two other cauſes which 
_have a tendency to produce the fame effect; for the water 
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tides; and if it be by both - theſe cauſes converted in part 
into earth, we may admit that the Caſpian ſea is leſs now 
than it was formerly, and that the Mediterranean ſea has 
retired from the coaſts of France, Spain, Portugal, and Ita- 
ly, without having recourſe, with Buffon, to the finking of 
immenſe caverns within the bowels of the earth, into which 
the ſea has from time to time retired. With reſpect, how- 
ever, to this ſuppoſed diminution of the ſea, it may be ob- 
ſerved, that it is well underſtood that the fea has encroach- 
ed upon the ſhore in ſome places, and deſerted it in other; 
but I do not know whether geographers are able, on ſolid 
grounds, to fay,—whether the quantity of land throughout 
the whole globe, is, or is not, the ſame now that it was 

M. Aller had, in 1746, obtained earth from water by 
trĩturating it in a glaſs mortar*; and Wallerius, in 1760, 
with a view of removing the ſuſpicions of Pott, who 
thought the earth proceeded from the mortar itſelf, varied 
in ſome meaſure Eller's experiment, by triturating water in 
mortars of iron and bronze f. The old proverb, — gutta 
very ſuſpicious, if the authors did not aſſure us, that the 
earths obtained by trituration, were not of the nature of 
the veſſels in which the experiments were made : and Marg- 
graf alſo affirms, that the earth. which he procured from 


water by' repeated diſtillation,” had properties very different 


free thalnaf prandaighd. 


Le Roi has undertaken to ſhew , that the very experiments 
produced by Marggraf and others, in proof of the tranſ- 
mutability of water into earth, do not, though they be ad- 


nere — * the fact. 
oc. r N * 
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* Mem. de I Acad. ds Berlin, 1946. 
+ Recueil des Ment, de Chy. Vol II. p. 54 
7 Hit. de 2 Acad. des Scien. a Par. +767. 
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In oppoſition to the opinion of theſe. philoſophers, M. 
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ely mixed with, or diſſolved in the 
water, from which it cannot be ſeparated by any number of 


ee beyond a doubt by the experiments 


| of a definite 
quantity of water can wholly. obviate it. Rates Ge is: 

The vexperiment before; mentioned, in which Boyle's 
friend obtained from an ounce of water, near three quarters 
of an ounce of earth by - 200-.diftillations, approaches the 
_ neareſt of any that has ever bees made to a complete -tranſ- 
mutation: but this experiment has of late been conſidered 
dy M. Le Roi and others, as meriting no manner of atten- 
experiments of more modern chemiſts, eſpecially of Marg- 
graf, whoſe accuracy is above all queſtion. He could not 
obtain from 72 ounces of pure rain water, by 13 diſtillati- 
ons, above 12 grains of earth; a quantity very incouſide- 
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rable, in compariſon of what'It ought to have. been, in or- 
der to have agreed with the quatitity obtaines by Boyle's 

I have no intention to enter into a forma? defence of this 
ſerved, however, that neither Marggrüf, nor any other 
chemiſt, ever diſtilled the fame identicat water ſo fre- 
quently, as the author of this experiment did: his rela- 


tion of it then, it is evident, is not contradifted from ob- 


concerning; him, refer to-che- particular part of his works where 
the faſt is mentioned. Fourcroy's Chem, Bag, Tranl. Vol. I. 


— . 
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number 


= 
» « 
- 


tillations bas been greater? if this be admitted, it cally 
by 200 diffil- 


r 5 . | 
plus ſouvent une ſemblable can eſt diſtillee, et plus Þ operation 
devient difficile, ſur- tout à la ſin, quand une partie de la hqueur 
a diſtille 3 car alors le refidu demande un degré de fu tre-wibe- 
ment en comparaiſon de toute autre eau. Opuſ. de Marg, Vol. 
II. p. 193. ww 

+ Hift. de l' Acad. des Scien. a Paris, 1770. 


CHEMICAL ESSATS 523 


been given above 100 years ago z he has weighed the glaſs 
veſſel in which the operation was performed, and has 
found that its weight after the operation, is leſs than it was 
before the operation; and this loſs of weight he attributes 
to the abraſion, or ſolution of the parts of the glaſs. M. 
Lavoiſier's experiment reſembles that of Boyle. before men- 
tioned, in which water was expoſed to a digeſiing heat, 
in 2 veſſel hermetically ſealed ; but he conducted it with 
more accuracy. I have three reaſons for heſitating con- 
cerning Mr. Lavciſier s opinion, which refers the earth. 
found in the veſſel after the diſtillation of water, to the 


fill an undecided problem; M. Lavoiſier's experiment 
ſtaggers the confidence I had repoſed in the concluſions of 
Marggraf, bat ir muſt be repeated with ſucceſs before it 


will unterlyfabverr it. 9 
nn 
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- With reſpefi to the/converfion-of water into earth by ve- 
getation,, many philoſophers of great eminence have ad- 
_ mined it without ſcruple. Far Helmont derived not only 
vegetables but all fubſtances whatever e 
boaſted that he was the firſt author of that 
may be obſerved, however, that in EE Mie of 
philoſophy, we have the plaineſt alluſions to this doctrine, 
and to the Moſaic account of the creation. Thus Bereſus, 
the famous prieſt of Babylon held water and darkneſs; 
fang, was upon the face of the deep, Gen. i. 2.), the 
Phenicians darkne/+, 2 chaos, and wind; the Perſians light, 
to have been the firſt principles from which all things pro- 
ceeded.- The moſt ancient Greets, if the opinion of Homer 
be of any weight in this matter, derived the origin of all 
things from water; this doctrine was followed about 300 
years afterwards by Thales 6, — travelling 


Deum cam mentem , qui ex aqua omnia fingeret. 

Van Helmont + produced a ſingular experiment in ſup- 
22 his opinion, that water became earth by vegetation. 

took an carthen veſſel and put into it 200 pounds weight 
of. earth, which had been previouſly dried in an oven; he 
wetted the earth with caim water, and planted in it the trunk 
of a willow which weighed five pounds. In the ſpace of 
five years the willow weighed 269 pounds 3 ounces: the 
carth was watered, when it was neceſſary during the whole 
of the time with either” rain or diſtilled water; the veſſel 
FFC wy covered 


_ . * 88 4. 
ee, que mils creduntur, matcrialter duntazat_exſo- 
la aqua eſſe, nullo excepto. 

"FOpera oma. p. 105. . 
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account was taken of the leaves which fell in four fuceel- 
five autumns. The earth was taken out of the veſſel, dried, 


bark, and of roots, of which the tree confiſted, had ariſen 
from the water. I have related this experiment 
length, 35 iristhe firſt of the kind which 
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with it . M. Le Roi adopts 
attributes the increaſe in the weight 
earthy and faline particles from which water cannor bi 
freed, even by diflillation. It is, moreover, well 
that plants fuck ini nutriment from the air by their 
and this nutriment is not a pure water, ſince the mois, 
moſpherical water contains both oily, ſaline, and earthy prin- 
ciples, if we may truſt the analyſes which have bern made 
of it. In addition to this remark, I would obſerve, that 
though Bis Willow guinel an Bocle of 164 pounds in 


Fr 


r 
duere, aut experimentum Helmontii in vegetatione arboris, 
Robertus Bayle in chemiſta ſceptico citat. Aqua profecto 
quam terra ſiet niſi in quantum terrea ſecum 

Beccher Phy- Sub, p. 87. —Calcined plafterſtone, and the mate- 
rials uſed in making earthen ware, abſorb much water, and are 
increaſed in weight, as vegetables are by abſorbing water in vege- 
tation 3 and ſome are of opinion, that water, by being united to 
what is called (from the ſubſtance which yields it by a peculiar 
proceſs) parry acid, may be changed into a flinty earth ; but in 
all cheſe; and in other ſimilar caſes, it may be queſtioned, whether 
the particles of water may not be wholly diſunited from the ſub- 
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weight, yet a very ſmall portion of that weight was earth 
ſince much the greateſt part of all vegetables, and eſpecially 
of ſucculent ones, conſiſts of water and air. I cut a leaf 
from the mitre alce, it weighed 1644 grains ; it was cut into 
ſlices, and expoſed to the heat of the atmoſphere in Septem- 
ber; in 15 days it had loſt 1558 grains: I then burned it 
to a black aſh, it weighed in that ſtate 26 grains, and being 
burned to a white aſh, it weighed only 16 grains, which 
were compoſed only in part of earth; for they contained, 
though I omitted to examine them, a portion of fixed 
alkaline ſalt. A freſh pumplin, which weighed 200 ounces, 
being cut. into ſlices and dried in the ſun, loſt in nine days 
190 ounces of its weight; the remaining 10 ounces being 
reduced to aſhes, did not yield one ounce of earth. Had 
Van Helmont reduced his willow to aſhes, I think it would 
not have yielded one pound of earth; this ſmall quantity of 
earth, added to the uncertainty there is as to the earth, 
wherein the willow. N 
moiſture when it was weighed, before and after the willow 
had acquired its increaſe, renders the concluſion which 

E E 
| Count Gyllenberg N OS 


them ſhallbe found a-diitrent- ail and e different 
us fuppoſe theſe plants to be chemically anylized,- near 
ounce of oil and ſalt will be found in each. If this 6 
this ſaſt had proceeded from the earth, there muſt have 
been in that earth four thouſand ounces, or 20 pounds of 
EY eee 


of 


bor 2 on „ 1 33 2 2 ye") — 
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Nenn e wavflaced by ; 
Mills, p. 72> This is attributed by Mr, Abb de, 
* 


. Gyllenherg, by the French tranſlator to W 
quoted in Vol. IL p. 76. ; 
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ef them in it.” This obſeryation does. not prove, that 
fimple water is converted into cart; or ſalt, or oil by vege- 
tation; it merely ſhews, that plants by vegetating acquire 
fuch an increaſe of weight, as cannot be derived from the 
earth in which they grew; and become bodies, whoſe con- 
ſtituent parts are different from both earth and water: but 
it neglects the conſideration of two ſubſtances, as neceſſary 
to vegetation as either earth or water—/ight and air. The 
air is a fluid whoſe conſtituent parts are not yet fully aſcer- 
tained z beſides water, there are reaſons to think that it 
contains an oily and a faline principle ; and as to light, op- 
ticians have diſcovered not only that the ſame: ray of it has 
different properties on its different ſides, but that it is by no 
means an homogeneous fluid, though no experiments have 
yet ſufficiently ſhewn, whether that fluid be 4 faline or 
phlogiſtic ſubſtance, or both. The rays of the ſun ſeem 
to be acted upon by every body in nature, and they may be 
capable of being combined with air, or water, or earth; 
and in that ſtate of combination they may enter as conſtitu- 
ent parts into vegetables, &c, ſorm airs, falts, and oils. of 
varous kinds. There may be an igneous and elaſtic fluid, 
as well as an aerial one univerſally diſperſed, and on which 
the fluidity of the air itſelf may depend; and this fluid, 
being imbibed by vegetables, may be a principal component 
part of them, and being reſtored to its fluidity by combuſti- 
on, fermentation, and other cauſes, it may produce heat or 
flame, according to the. circumſtances under which it en- 
deavours to diſcharge itſelf. There is a curious experiment 
CIR TON Of TRIER p4. = promot- 
1 

rr 
rice diſtilled, and having filled a cylindrical glaſs veſſel 
with. it, he bound a ſheet-of paper over the mouth of the 
veſſel, and fet it in the ſun in the middle of ſummer for 


ſeveral weeks. He ſoon obſerved that the water began to be 
"OO NH emitted. * »„7 its ſurface 
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veſſel] was covered wih a green maiter. He afterwards 
diſtilled the water, and from the laſt portion of it, contain- 
ing the green matter, he obtained an acid and an oil, and 
though be does not mention it, chere remained, probably, 
2 portion of earth. I remember having ſeen 2 glaſs tube, 
which, after having been fealed and nearly 
filled with water; had been left for fome months on a table 
on which the fin'occafionally ſhewn, that fide of the tube 
on which the rays of the ſun had fallen, was covered with 
matter, whilſt che other fide was free from it. Dr. 
ley, with his accuſtomed ingenuity, has inveſtigated 

the pature of che gen matter which is chus formed, and 
tHewn that it is a vegetable, whoſe feeds are conſtantly 
floating in the atmoſphere, and that /ight is abſolutely re- 
124 mere heat not being ſufficient for 
the purpoſe ; but tar Fight itſelf” will not produce it in 
water which Has no communication with the air ; probably 
| becauſe in that caſe the water is Wprived'of the ſeeds'from 
which che vegerable ſprings, and hence we may infer, that 
the action of the fins Vght is notalone fufficient to gene- 
rate falts an@ d in witer, though it be inffrumental in 
enabling the ſeed of the vegetable ro itſelf into the 
Lak & > iſe The vegetable" ch formed, certainly 
| ontalns more acid, more off, ad bore burtb, than exiſted 
uin the ſhed i whence "butt would be 2 raſh 
concluſion” to , that' marie Watdy da, deen converted 
into any of theſe fubſtances, to de 1 juſt 
one do thy.” thar Saber the water; n die ur in the-water, 
or the lar have jointly or ſeverally been changed 
Ins them. * I's ;t' poſſible 8 Fer to part # portion of mo- 
| ar row” the "ſinall Teeds'oF v4 
' water, n contact with this purified air, and 
S ſhall not produce 
green matter, or undergo ch s change, as to yield 
y diſtifation, cher a ſaline or an oily priseiple 2—T have 


| tow Siren a account of the moſt „ 
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have. been brought in. ſuppart of, or in oppoſition. to the 
doctrine of the tranſmutation of water into earth, and 1 
am forced to conclude, from this view. of the ſubject, that 
the queſtion is not clearly decided either way: as to my 
own. opinion, I beg leave to ſay, that Iam rather diſpoſed 
to believe that water is. converted into earth, though I own 
that no experiment has yet been produced, to which rea- 
ſonable objections may nat be made. The point I am fen- 
fible cannot be decided by authority 3 yet 1 will put an end 
magne em parte in terram aridam per putrefattionem abeunt, 
et limus ex liquoribus putrefattis perpetud decidit. Hinc moles 


various forts of flate ; all of which. are uſed by the inha- 
bitants of that county for covering the roofs of their build- 
ing; and the beſt of them are either carried by ſez to 
9 or by kad moths 


biſhoprick 


an 14 Rade es 
another philoſopher of no ſmall eminence ig of opinion, that the 


elemente muy be changed into each other, and that water may 
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biſhoprick of Durham, Cumberland, Northumberland and 
Lancaſhire. The different ſorts of ſlate are diſtinguiſhed from 
each other by the fineneſs of their grain, by the thickneſs 
into which they are ſplit, by their colour, and by their 
weight. The moſt general colour is blue ; there are many 
ſhades of it from a very pale to a deep blue. The blue of 
ſome flates has a iſh caſt, this is very obſervable after 
2 ſhower in a building which has been recently ſlated, if 
any of the greeniſh ſlates happen to have been uſed along 
with the blue. We have alſo a purple flate, and one which 
is nearly black, or at leaſt is fo dark, that it is uſed for 
writing on. With reſpe& to the comparative weights of 
different ſorts of "ſlate, the following table, which was 
made wick ſufficient care, 6— 


of the ſubject. 
Weight of a cubic foot of different ſorts of (late. | 


Purple ſlate, Kentmere near Kendale - - 
Pale blue, Conifton Water Head — - 
Dark blue, Troutbeck 6 
Pale blue, Throng Crag = — - 
Fale blue, White Moſs - = - 


Dark, writing flate, Banneſdale 
Blackith, uſed far flooring, Head of Winander Mere 


Deep blue, Longdale - = . 

Greenifh blue, Kentmere — - 

Blackiſh, Cartmel, Lancaſhire - - 2740 
88 en. 3 2733 
> 25 A 2767 


+ - 
p = A 
1 / er 
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probable, that thoſe which I have omitted differ more from 
each other, than theſe which I have mentioned do, either 
with reſpect to colour or weight. Wallerius ſpeaks of a 
bluiſh late which weighed 3300 ounces to the cubic foot; 
this ſort, probably, contained a large portion of iron; the 
bluiſh iron ſtone, called Catſcope, weighs 3309 ounces to 
the cubic foot. In the ſlate quarries, ſome of the fiſſures 
are filled with ſpar which has often an iron or copper py- 
rites adhering to it ; in the very middle of the blocks of 
flate there are many little hollows, each of them big 
enough to hold a large hazel nut; theſe hollows arc filled 
with clay and in one of the quarries I ſaw a conſiderable 
quantity of clay fit for pipes, between two layers of ſlate. 
It appears from the table, that the difference in weight 
between a cubic foot of the heavieſt, and a cubic foot of 
the lighteſt of the fourteen forts of ſlate there enumerated, 
is only 65 ounces; or about one forty-third part of the 
weight of a cubic foot of the heavieſt ſort ; hence, ſup- 
poſing the different ſorts of late to be ſplit to equal thick- 
neſſes, the difference of the weights ſuſtained by the tim- 
R Wen — 
ſort of ſlate be uſed. 
ene 
is eſteemed the beſt, which imbibes the leaſt water; for 
the imbibed water not only increaſes the weight of the co- 
vering, but in froſty weather, being converted into ice, 
it ſwells and ſhivers the ſlate. This effect of - froſt is very 
ſenſible in tiled, but it is ſcarcely felt in ated houſes 
pect to this point, ſimilar to ſlate.I took a piece of 
. Weſtmoreland late, and a piece of a common tile, and 
weighed each of them carefully; the ſurface of each was 
about 30 ſquare inches; both the pieces were immerſed in 
water for ten minutes, and then taken out and wei 


as ſoon as they had ceaſed to drip; the tile had imbibed 
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above a ſeventh part of its weight of water ; and the ſlate 
had not imbibed a two hundredth part of its weight ; in- 
deed the wetting of the ſlate was merely ſuperficial. I placed 
both the wet pieces before the fire z in a quarter of an hour 
the [late was become quite dry, and of the ſame weight 
it had. before it was put into the water z but the tile had 
loſt only about 12 grains of the water it had imbibed, 
which was as near as could be enpected the very quantity 
which had been ſpread over its ſurſace 5 for it was the 
quantity which had been imbibed by the late, the ſurface 
of which was equal to that of the tile : the tile was left to 
dry in a. toom lame, and ie "Bf hov-loke all the 
water i had imbibed in lefs than fix days. - ,” 

Some of our old buildings in I III 
with. a whitiſh kind of late, which is dug at Collywefon in 
Northamptenſbire;, this flate is, as to its principal compo- 
nent part, a calcarevus earth, very fimilar to the Burnett 
ſtone of which Peter borough cathedral and part of King's 
Chapel in Cambeidge are built ; and the firatum of ſtone, 
which may be ſeen on the road fide between Orford and 
Burford, and from thence towards Gloucefler, is not very 
_ different from it. This Collyweſton 'flate- imbibes more 
water, and retains it for a longer time, than the Weſtmore- 
land flate does; but it does not imbibe half fo much, nor 
retain it a quarter of the me, that a common/tile does. The 
manger of its being formed into ſlate deſerves to be noticed. 
Large blocks are dug in nn, and theſs 'blocks being 
placed in a poſition different from that they had in the quarry, 
the rain inſaruates itſelf berwzen the layers of which the ſtone 
is compoſed; and in froſty weather the water ſwelling, as it 
| becomes ice, ſplits the block of ſtone into plates of a proper 
thicknefs. We have a ſtone which/iz, of 4 calcareous na- 
ture, and is called chr, in this neighbourhood; it is foft 
and eakly wrought and when properly placed in 2 build- 
ing is very durable; bor i the f the one in the 
TDI  * 1 = „ 
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Weſtmarchnd ſlate) is generally preferred to any flat 
in GreatBrizain, and“ is perhaps the fineſt in the world t. 
"This ſortiis.fplit'to about the thinneſs of an eighth of an 
inch when it is.applicd ta the covering of a roof, and it 
then weighs rather more than ,26 ognces to the ſquare 
/ ĩ ˙ ·» . 
w or ng eons 224 1. 
* Eſt. Corn. p. 93. | 

© + Weodward's Cat. Vol. II. p. 5. 
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when an eighth of. an inch in thickneſs, weighs about 2 
ounces to the ſquare foot, or about 2 ounces. more than the 
Corniſh Nate here ſpoken a. 994; 54. 2 
ſold at Kendale for 37. 

the load 

be had 


for 27. 4d. a load, or 1 /. 3. 44 
of the fineſt ſort will cover 42 ſquare yards- of roof, and 


ole! -winds ſo well 
as that which is Reaver. ig. ions” 
A covering of lead is heavier than a coveringof fac late, 
of fine (late will cover, as bas been abſerved,; 42/ {quare 
yards: when plumbers caſt ſheet lend for coveringof boaſes 
or. churches, they ſeidom run iti thinger than to about 7 
pounds to the ſquare foot. On the favth fide. of a building, 
they make, or ſhould make, the lead # pound in 2 ſquare 
lead is very'great > in the toric zone, 2. head. covering of 
before it u calcined into a whine pelticle reſarabling white 
lead. In # ſheet ef caf lead ere in a grent-incqualizy in 
weighs 71Þ. to the ſquare Got, the thickeſt pan wi often 
| weigh 9b. 3 le h be ſuppoſe theo, that a ſheet of 
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lead, the thinneſt part of which weighs 9lb., weighs at a 
medium glb. to the' ſquare foot ʒ then will a ſquare yard, 
or nine ſquare feet, weigh 72 pounds, and 42 ſquare yards 
will weigh 3024 pounds, or 27 hundred weight; which is 
one hundred weight more than the weight of the late. 
But this is not the whole weight of the lead which is requi- 
ſite to cover 42 ſquare yards, an addition is to be made to it, 
equal to the weight of the lead which is uſed in lapping one 
ſheet over another. Milla lead may be not only rolled 
out to a greater ghinneſs, than ſheet lead can poſſibly be cat 
to, but it has alſe a much greater uniformity of thickneſs, 
indeed form a lighter and more uniform covering than ſheet 
lead, but that it will not laſt ſo long. I know not how that 
may be, but the milled lead company, near 100 years ago, 
offered to enter into a covenant to keep a covering of their 
milled lead of lb. to the ſquare foot, in good and tonſtant 
repair, for a term of 41 years, at g. a year, fot every co- 
vering of 100. in value. A term of 41 years is not a 
quarter of the period which many coverings of Weſtmore- 
land late have laſted wich very inconfiderable repairs ; and 
as a ton of Nate will cover a larger furface than a ton of 
lead, and does not coſt in any part of the kingdom, to which 
there is water carriage, one fourth of the price of the lead, 
it ſeems as if it might be generally uſed inſtead of lead with 
In Ruſſo they cover their houſes with iron, and in Se- 
den with. copper ; and ſome architects have been fond of 
introducing the” tiſe of copper covering into Great Britain. 
T haye ng knowledge of the duration of a copper covering; 
which is ule for the purpoſe, that it would not laſt fo long 
as late; it has certainly the advantage of being much light- 
er, and whede there is danger of training the walls by the 
_ weight bf timber in the roof, it may be uſed with great ad- 
vantage. All the plates of copper of four feet in length 
and two in breadth, which weigh lefs than 10 pounds, are, 
91 a . Naz called 
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called thatch copper, from their uſe in covering buildings; 
theſe plates are in general a penny in the pound weight 
dearer than the thicker plates, on account of the greater 
trouble in rolling them. A ſquare foot of thatch copper 
does not weigh quite 20 ounces, and hence 42 ſquare yards 
of ſuch copper will not weigh much above four hundred 
weight, and its thickneſs will be about the fortieth part of 
an inch. 

A common cambridge tile weighed 37 ounces ; they uſe 
at a medium 700 tiles for covering 100 fquare feet, or above 
24 tons of tile to 42 ſquare yards. Hence, without includ- 
ing the weight of what is uſed in lapping over, &c. when a 
building is covered with copper or lead, it will follow, from 
what has been ſaid, e e rr drake 


have 
4 hundred weight, 


matter to eſtimate the weight of it which is requiſite. to co- 
ver 42 ſquare. yards, or any other definite ſurface; a 
foot of it weighs 2592 ounces, io that it is, for 
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has analyzed any of the forts: the fort he analyzed was the 
bluiſh purple, which is principally uſed in London, and 
which is brought thither from Devonſhire and Wales. A 
cubic foot of it weighed 2876 ounces, which is near 150 
ounces more than the weight of a cubic foot of the fineſt 
fort of Weſtmoreland ſlate: he found that 100 grains of it 
conſiſted of about 46 grains of flint, 26 of clay, 8 of 
magneſia, 4 of calcareous earth, and 14 of iron, and that it 
loſt, by being heated red hot, 2 grains, 

I took a piece of Throng Crag ſlate, which is the fort 
Newgate is covered with, weighing 446 grains, and heated 
it red hot; it had loſt 4 grains of its weight, by that degree 
of heat; I kept it for half an hour in a red heat, it had then 


bluiſly green Amb/eftde flate in a degree of heat, which 
would have reduced the ſame weight of calcareous earth to 
limes 446 grains of it loſt 41 grains; on a repetition of the 
I found that 446 grains had loſt 42. The 
ſame weight of White Moſs ſlate, treated in the ſame way, 
loſt 42 grains; and the ſame weight of ſlate from | 
loſt 44 grains. I tried ſeveral other ſlates in the ſame man- 
ner, and the general concluſion is, — that Weſtmoreland 
llate loſes, by being calcined in a red heat for ſeveral hours, 
about one tenth. part of its weight. 
All theſe ſlates, when reduced to a fine powder, are ated 
upon with great violence by acids, a conſiderable portion of 
fixed air is diſcharged, and a calcareous earth is diſſolved 
in the acid. I poured a diluted acid of ſea falt on 446 
grains of Throng Crag flate in powder, 30 grains of fixed 
air eſcaped during the ſoluon. We have ſeen that the 
ſame weight of the ſame fort of ſlate loſt by calcination 43 
grains, the difference is 13 grains; but whether theſe 13 
grains are water, or a part of the carthy ſubſtance of the 
IN K 
3, or 

Nu 3 The 
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| The calcined ſlate being put into water, there is formed 

in a few days a ſtrong lime water z this water depoſites, 
as other lime water does, an earth which efferveſces with 
earths, that 20 parts of calcareous earth contain about 9 
Parts of fixed air ; and bence;, as the ſlate is ſuppoſed to loſe 


fact was examined, Ithink, it would be found, that the 
flate is more mixed with calcareous earth, the nearer it ap- 
- I diſtilled five ounces of "White  Moſe - hate in 2 
ſiroug fire for three hours ; there came over 
af air but ſcarce a drop of - water, (though 
that in this, and other diſtillatioms of a 
water may eſcape with the air,) and 
ſmell of ſulphur. The maſs remaining 
reduced into a black cellular glaſs, of fo 
that it ſtruck fire with teely it adhered 


to ſee what loſs of weight the-flate had" fiffer 
_vitrified. We have no coal in Weſtmoreland, 
litle of a bad quality near Ship, or glaſe-bouſe 
eſtabliſhed at the fate quarries with great proſpect 
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pear, either on keeping the glaſs longer in the fire, or on re- 
melting it; but certainly it might be made from the flate 
- mixed with fern aſhes, or with kelp. aſhes, or with other 
ſabſtances . alkali:— this hint, I hope, 
will not be given in | 


Phy Pen of» kind of fl gia, which one Oba 


upon as fabulous; becanſe glaſs, it is ſaid, 
is not a natural but a factitious fubſtance ; and the learned, 
for the ſame reaſon, have been much puzzled about Pliny's 


lapit' Obfdianus, or, as foine- will have it, | opfanus, on 
account of its tranſparency. The word (en. in Herodotus) 


bodice, coding of ion 
——— 

Some reaſons have been given“ (though I do not think 
they prove the point) for conſidering the Derbyſhire rand 
Fame as a ſpecies of lava, which has undergone a ſemi-vitri- 


the making, I am unwilling that it ſhould be loſt, and there 
are ſome readers who will be gratified with a ſight of it. 
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| Weight of a cubic foot of different forts of Niones, 
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No. 1. 
the ſtreets of Weſtminſter. 2. I met with this ſtone on 
Hale-Fell, near Beetham, in Weftmoreland; it is of a dark- 
brown colour, and admits a very fine poliſh, but it is not 
calcareous. The block was ſome tons in weight, and ſitu- 
ated on the ſurface of the earth, every where ſurrounded 
with limeſtone rocks; I think it was a block of baſaltes, in 
which many cryſtals of black er were to be ſeen. 3. 
Dark gray cobble, from the gravel-pits near Cambridge: it 
much reſembles No. 4. Dark gray toadfione from Derby- 
ſhirez free from thoſe ſparry ſpecks (which in mouldering 
away by expoſure to the air, often leave the toadſtone as if 
it was worm-caten) and ſtriking fire with ſteel. 5. Lead 
coloured cobble; with black ſpecks, and of a vitreous tex- 
ture, from Hearſam i Head, in Weftmoreland. Hearſam 
Head is a hill compoſed of calcareous ſtrata; but there are 
— found on its ſurface, and in other parts of the county, de- 
IT MOTT © UPS RrTnng, 67 grants, on 
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of a very hard compound ſtone, called by the maſons of 
the country callierde; probably ſo denominated either from 
the earth. (ebe) of which it is compoſed, reſembling flint 
(caillou) in hardneſs, or from its being compoſed of different 
ſorts of earth coagulated (cai/#) together. Mineraliſts, I 
think, would claſs the ca/lierdes,} for they are not all of 
the ſame kind, . amongſt the porphyries, hornflones, &c. 6. 
Similar to toadſtone in texture, but darker in colour, from 
a marl-pit near Tabley, in Cheſhire. 7. Much the ſame as 
the a large block found in a field near the mills 
at Millthrap, in Weſtmoreland. I do not venture to call 
theſe two laſt ſtones volcanic productions, yet the ſurfaces 
of them looked as if they had been formed by the cooling 
of the maſs. 8. Round toadſtone pebble; from a bed of 
clay under the grit ſtone in Derbyſhire; I write this only 
from recollection of its appearance; I may have miſtaken 
a blackiſh limeſtone for toadſtone. . Purple late, Kentmere, 
near Kendale; the heavieſt of any of the Weſtmoreland 
ſlates, but not ſo heavy as the purple late uſed in London. 
10. A callierde with a deep green ground, and ſpecks of a 
lighter green, from the /az fore near "Lancafter. I have 
ſeen theſe callierdes'in various other parts of Great Britain, 
but I do not know whether we have any ſtrata in the Man 
which could have furniſhed them. 11. A- greeniſh cobble, 
of an uniform texture, gravelpit in the road from Cocteran 
Blue whin-fone from Scatland; in a fire which would con- 
vert an equal bulk of marble to lime, a ton of whin-ftone 
would loſe 2 4 hundred weight. © 24. | Greeniſh -cobble, 
- WFierfide, Lancaſhire: this and No. rx. have ſome reſem- 
blance to Weſtmoreland late, but I do not know where the 
ſtratum is ſituated that has furniſhed theſe detached pieces. 
15. Blue rag-ſtone, 'foreſt near Afonsfeld. 16. Granite 
from Aberdeen. A cabic'foot of Guernſey pebble (No. z.) 
_ contains, it is evident, above 300 ounces of matter more 
than is contained in a eubic foot of Aberdeen granites but 

N W ty „ from 
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from that circumſtance alone it muſt not be inferred, that 
a pavement made with Guernſey pebbles, will laſt longer 
than one made with Aberdeen granite: for the durability 
of a body expoſed to friftion, does not depend . fo much 
on the number of particles which enter into its compoſition, 
as on its hardneſs, or firm adheſion of its parts. But in 
rains the greateſt quantity of matter in a definite bulk; and 
hence the Guernſey ſtone to be only as hard as 
the Aberdeen granite, it muſt laſt longer when expoſed in 
the ſtreets to the friction of the carriage wheels; on inquir- 
ing into the fact, a paviour told me, — that the Guernſey 
pavement was a very bad pavement for a poor man—becauſe 
it ſeldom wanted repairing. 17. Gray blue rag-flone, Weſt- 
moreland. '18. The ſame after being calcined to'a red co- 
lour. 19. Gray rag: ſtone from Nuay crag, near Millthrop. 

ragſtones, 


20. The ſame calcined to a red colour. — Theſe 1 
I apprehend, loſe ſomewhat of their weight by calcination, 
but, their bulk being diminiſhed in the ſame proportion, their 
denſity or ſpecific gravity remains nearly unaltered; in 
KK «ð ꝗ%7· „„ 

- Shale-bind. This is the name of a ſtratum, conſiſting 
— of codciebne eb Bates <A GE. 
which is ſituated both above and below the beds of Gale in 
Derbyſhire. The bind is various in thickneſs from a few 
inches to ſome feet: one ſort of it is called by the miners 
treacle bind, from their finding lodged in its cavities a"bitu-- 
men of the colour and conſiſtence of treacle; this bitumen 
is moſt abundant where there is the greateſt quantity of ſhale 
incumbant on the bind. There are in the ſtratum of bind 
their figure, Jewlders ; ſome of which weigh only a few 
ounces, other half a ton. Whether all round ſtones, met 
with in the ſtrata of the earth, or upon its ſurface, have re- 
ceived their figure from the action of water is uncertain ; 


| but that many of them have, the ſituation in which they 
are found, will not ſuffer us to doubt. Not far from Pon- 
| Naur, 
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on there is a large mountain, the bottom of which is 
waſhed by the river US; this mountain contains coal and 
iron ſtone. At Newport a conſiderable trade is carried on 
with coal, which has been waſhed from the fides of this 
and other mountains by the river : the coal is found in the 
channel of the river, in round, flat, ſmooth pieces; fo 
perfectly reſembling in ſhape river pebbles, that they clearly 
indicate the manner in which theſe pebbles have been formed. 
22. What ſome call white toadſtone, Youlgrave, Derby- 
ſhire... 23- Brown quartz pebble, from the foreſt between 
Mansfield and Newack. 24. Black. pebble with red ſpots, 
fame place. 25. Reddiſh rag-ſtone, Helm- End, near 
Kendale, 26. Pennarth limeſtone, waſhed in large cobbles 
from the clifts on the Welch fide of Briffo! channel; the 
Ime made from it is highly eſteemed in that country from its 
ſetting under water; it is called lion lime (perhaps lien) from 
its binding quality: the ſtone is of a gray colour, and, be- 
ſides the proper earth of lime, contains a large proportion of 
clay and iron. 27. Tranſparent white quartz, "gravel pits, 


have obſerved on the ſea coaſt at . „ quartz p 
bles beginning to be decompoſed, and verging 
ſtate, of a white argillaciaus earth; moſt of 
_ every part of the world conſiſts of quartz or flint in 
der; and, as matter is infinitely diviſible, . the imagination 
OR none MENTOR * * 
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"but I have ſometimes doubted, whether, after they are 
reduced below a certain ſtandard, they may not conſtitute 
ſome other ſpecies of earth. 30. Granite, from the mart 
pits in Cheſhite. The roads in many parts of Lancaſhire 
and Chefbire-are paved with granite, and other hard round 
pebbles, which are found in their marl-pits, or fetched from 
the Welch coaſt z the pavement coſts a thouſand, or twelve 
hundred pounds a mile in making. 37. Granite, from a 
large block near Dollam Tower, in Weſtmoreland. Large 
maſſes of n dib granite are found on the ſides of the 
Bills, in the vallies, and in the beds of the rivers, npt only 
about Shap, but in various other parts of Weſtmoreland. 
| It is 4 queſtion of no ſmall difficulty to account for the 
: ſome will have it that 


which 


& of 
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in the works of the ancients remaining in ach, might be 
found, I believe, in different parts of Great Britain z with- 
out any thought of making a collection of them. I have 
accidentally picked up near twenty different ſorts. 33- Shale 
from Derbyſhire. 34. Quartz, white, with many ſmall 
irregular holes : there are 
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are the only ſure foundations on which we can ever hope 
to build any probable ſyſtem concerning the formation of 
mountains, the antiquity of the preſent form of the globe, 
and the cauſes of the viciſſitudes which it has undergone. 
It is the proper province of natural philoſophy to explore 
ſecondary cauſes ; they are the ſteps on which the mind of 
man aſcends from Earth to Heaven: for the more diſtinctly 
we apprehend the number and connexion of the ſecondary 
cauſes operating in this little ſyſtem which is ſubmitted to 
our view, the more certainly ſhall we perceive the neceſſity 
of their ultimately depending, like the links of Homer's 
chain, on a FIRST. 
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» probibated by pope John in 1316.—and by a& of Pazli N 
5 Hen. IV. i. 9. allowed by letters patent, 35 Hen. VL i. 16 
Tutenag, the Indian name for zinc, ii. 46. - > \ 
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